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Abstract 


This document contains graphical data necessary for the preliminary design of ballistic 
missions to Saturn. Contours of launch energy requirements, as well as many other 
launch and Saturn arrival parameters, are presented in launch date/arrival date space 
for all iauncli opportunities from 1985 through 2005. In addition, an extensive text is 
included which explains mission design methods, from launch window development to 
Saturn probe and orbiter arrival design, utilizing the graphical data in this volume as 
well as numerous equations relating various parameters. This is the first of a planned 
series of mission design documents which will apply to all planets mid some other bodies 
in the solar system. 



Preface 


This publication is one of a series of volumes devoted to interplanetary trajectories of 
different types. Volume I, of which the present publication is Part 4, describes ballistic 
trajectories. Part 3, which was published in 1982, treated ballistic trajectories to Jupiter. 
Parts 1 and 2, which will be published in 1983, will Ueat ballistic trajectories to Venus 
and Mars respectively. 
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I. Introduction 

Hie purpose of this series of Mission Design Handbooks is 
to provide trajectory designers and mission planners with 
graphical trajectory information, sufficient for preliminary 
interplanetary mission design and evaluation. In most respects 
the series is a continuation of the previous three volumes of 
the Mission Design Data, TM 33*736 (Ref. 1) and its predeces- 
sors (e.^.. Ref. 2): it extends their coverage to departures 
throu^ the year 2005 A.D. 

The entire series is planned as a sequence of volumes, each 
describing a distinct mission mode as follows; 

Volume I: Ballistic (i.e., unpowered) transfers be- 

tween Earth and a planet, con^ting of 
one-leg trajectory arcs. For Venus and 
Man missions the planet-to-Earth return 
trajectory data are also provided. 

Volume II: Gravity-Assist (G/A) trajectory transfen, 
comprising from two to four ballistic 
interplanetary legs, connected by suc- 
cessive planetary swingbys. 

Volume III: Delta-V-EGA (AVEGA) transfer trajec- 
tories utilizing an impulsive deep-spree 
phasing and shaping bum, followed by a 
return to Earth for a G/A swingby maneu- 
ver taking the spacecraft (S/C) to the 
eventual target planet. 

Each volume consists of several parts, describing trajectory 
opportunities for missions toward specific target or swingby 
bodies. 

This Volume I, Part 4 of the series is devoted to ballistic 
transfers between Earth and Saturn. It describes trajectories 
taking from 2 to 10 y'ars of flight time for the 21 successive 
mission opportunities, departing Earth in the following years: 
1914/5, 1985/6, 1986/7, 1988, 1989, 1990, 1991, 1992, 
19vl. 1994, 1995, 1996, 1997, 1998, 1999, 2000, 2001, 
2002, 2003, 2004, and 2005. 

Individual variables presented herein are described in detail 
in subsequent sections and summarized again in Section IV. 
Suffice it to say here that all the data are presented in sets of 
11 contour plots each, displayed on the launch date/arrival 
date space for each opportunity. Required departure energy 
C 3 , departure asymptote declination and right ascension, 
arrival and its equatorial directions, as well as Sun and 
Earth direction angles with respect to the departure/arrival 
asymptotes, are presented. 

It should be noted that parts of the launch space covered 
may require launcher energies not presently (1983) available. 


but certainly not unrealistic using future orbital assembly 
technique^. 

A separate series of volumes (Ref. 3) is being published 
concurrently to provide purely geometrical (i.e., trajectory- 
independent) data on planetary positioru and viewing/orienta- 
tion angles, experienced by a qracecraft in the vicinity of these 
planetary bodies. The data cover the time span througfi 2020 
A.D., in order to aOow sufficient mission duration time for all 
Earth departures, up to 2005 AD. 

The geometric data are presented in graidiical form and 
consist of 20 quantities, combined into eight plots for each 
calendar year and each target planet. The graphs diqrlay equa- 
torial declination and right ascension of Earth and Sun (plan- 
etocentric), as well as those of the target planet (geocentric); 
heliocentric (ecliptic) longitude of the planet, its heliocentric 
and geocentric distance; cone angles of Earth and Canopus, 
clock angle of Earth (when Sun/Canopus-oriented); Earth-Sun- 
planet, as well as Sun-Earth-planet angles; and Anally, rise and 
set times for six deep-space tracking stations assuming a 6 -d<^ 
horizon mask. This information is similar to that in the second 
part of each of the volumes previously published (Ref. 1 ). 

II. Computational Algorlthiii« 

A. Gofwral DMcription 

The plots for the entire series were computer-generated. A 
minimum of editorial and graphic support was postulated from 
the outset in an effort to reduce cost. 

A number of computer programs were created and/or modi- 
fied to suit the needs of the Handbook production. 

The computing effort involved the generation of arrays of 
transfer trajectory arcs coimecting departure and arrival 
planets on a large number of suitable dates at each body. 
Algorithms (computational models) to solve this problem can 
vary greatly as to their complexity, cost of data generated, and 
resulting data accuracy. In light of these considerations, the 
dioice of methods used in this effort has been assessed. 

B. Two*Body Conic ThNWlar 

Each departure/arrival date combination represents a unique 
transfer trajectory betWMn two specified bodies, if the number 
of revolutions of the ^acecraft about the primary (e.g.. the 
Sun) is specified. The Lambert Theorem provides a suitable 
framework for the computation of such primary-centered 
trajectories, but it is of practical usefulness only if restricted 
two-body conic motion prevails. 

Restricted two-hody motion implies that the dynamical 
astern consists of only two bodies, one of which, the prknary, 

% 
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is so much more massive than the other, that all of the system’s 
gravitational attraction may be assumed as concentrated at a 
point-^the center of that primary body. The secondary body 
of negligible mass (e.g., the spacecraft) then moves in Kep- 
lerian (conic) orbits about the primary (e.g., the Sun) in such 
a way that the center of the primary is located at one of the 
foci of the conic (an ellipse, parabola, or hyperbola). 

The Lambert Theorem states that given a value of the gravi- 
tational parameter fi (also known as GM) for the central body, 
the time of flight between two arbitrary points in space, 
R| and R 2 , is a function of only three independent variables: 
the sum of the distances of the two points from the focus, 
IRj I + |Rj I, the distance between the two points C= |R^ - Rj I, 
and the semimajor axis, a, of the conic orbital flight path 
between them (Fig. 1 .) 



Detailed algorithm descriptions of the Lambert method, in- 
cluding necessary branching and singularity precautions, are 
presented in numerous publications, e.g., Refs. 2 and 4. The 
computations result in a set of conic classical elements (a, e, i, 
12. CO, Uj) and the transfer angle, or two equivalent 

spacecraft heliocentric velocity vectors, depar- 

ture, the other at the arrival planet. Subtraction of the appro- 
priate planetary heliocentric velocity vector, at 

the two corresponding times from each of these two space- 
craft velocity vectors results in a pair of planetocentric velocity 
states “ai infinity” with respect to each planet (Fig. 2): 

V =V -V (1) 

^SlC^ti ^PLANET i ' 

where i = 1 and 2 refer to positions at departure and arrival, 
respectively. The scalar of this vector is also referred to as 


Fig. 1. The Lambert problem geometry 


the hyperbolic excess velocity, “K-infinity” or simply “speed” 
(e.g., Ref. 4). The V«, represents the velocity of the spacecraft 
at a great distance from the planet (wb^re its gravitational 
attraction is practically negligible). It is attained when the 
spacecraft has climbed away from the departure planet, fol- 
lowing injection at velocity V^: 



or before it starts its fall into the arrival planet’s gravity well, 
where it eventually reaches a closest approach (periapse, C/A) 
velocity Vp: 


Vi, 

^ EARTH 



Fig. 2. Departure geometry and velocity vector diagram 
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The lUes rj and refer to the departure injection and 
arrivnl pe.'-;>se planetoccntric radii, respectively. Values for 
the gravitational parameter /i (or GM) are given in subsequent 
Section V on constants. 

The vectors, computed by the Lambert method, repre- 
sent 8 body center to body center transfer. They can, however, 
be translated parallel to themselves at either body without 
excessive error due to the offset, and a great variety of realistic 
departure and arrival trajectori s may thus be constructed 
through their use, to be discussed later. The magnitude and 
direction of as weU as the angles that this vector forms 
witfi the Sun and Earth direction vectors at each terminus are 
required for these mission design exercises. 

Missions to the relatively small terrestrial planets are suited 
to be analyzed by the Lambert method, as the problem can be 
adequately represented by the restricted two-body formula- 
tion, resulting in flight time errors of less than 1 day-an 
accuracy that cannot even be read from the contour plots 
presented in this document. 


C. PMudostato Method 

Actual precision ir.terplanetary transfer trajectories, espe- 
cially those involving ^he giant outer planets, do noticeauly 
violate the assumptions inherent in the Lambert Theorem. 
The restricted two-body problem, on which that theorem is 
based, is supposed to describe the conic motion of a massless 
secondary (i.e., the spacecraft) about the point mass of a pri- 
mary attractive body (i.e., the Sun), both objects being placed 
in an otherwise empty Universe. In reality, the gravitational 
attraction of either departure or target body may significantly 
alter the entire transfer trajectory. 

Numerical TV-body trajectory integration could be called 
upon to represent the true physical model for the laws of 
motion, but would be too costly, considering the number of 
complete trajectories required to fuil^ search and describe a 
given mission opportunity. 

The pseudostate theory, first introouced by S. W. Wilson 
(Ref. 5) and modified to solve the three-body Lambert prob- 
lem by D. V. Byrnes (Ref. 6), represents an extremely useful 
improvement over the standard Lambert solution. For the 
giant planet missions, it can correct about 95 percent of the 
three-body errors incurre j, e.g., up to 30 days in flight time on 
a Saturn-bound journey. 


Pseudostate theory is oased on the assumption that for 
modest gravitational perturbations the spacecraft conic motion 
about the primary and the pseudo<onic displacement due to a 
third body may be superimposed, if certain rules are followed. 

The method, as applied to transfer trajectory generation, 
does not provide a flight path-only its end states. It solves the 
original Lambert problem, however, not between the true 
planetary positions themselves, but instead, between two com- 
puted '^pseudostates.” These are obtained by iteration on two 
displacement vectors off the planetary ephemeris positions on 
the dates of departure and arrival. By a suitable superposition 
with a planetocentric rectilinear unpact hyperlK)la and a 
constant-velocity, “zero gravity,” sweepback at each end of 
the Lambertian conic (see Fig. 3), a satisfactory match is 
obtained. 

Of the five arcs involved in the iteration, the last three 
(towards and at Saturn) act over the full flight time, ATjj, 
and represent: 

(1) Conic heliocentric motion between the two pseudo- 
states R* and R* (capital R is used here for all helio- 
centric positions), 

(2) The transformation of R* to a planetocentric position, 

(lower case r is used for planetocentric positions), 
performed in the usual manner is followed by a 
*'constant-velocit>'” sweepback in time to a point 
r* = rJ - X ATjj, correcting the planetocentric 
position r] to what it would have been at 7^ had 
there been no solar attraction during and 

finally, 

(3) The planetocentric rectilinear incoming hyperbola, 
characterized by: incoming K-inflnity a radial 


Z' \ 

/ NO-GRAVITY \ 
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target planet impact, and a trip-time ATj, from r* 
to perijove, whidi can Ue satisfied by iteration on the 
r*-magnitude and thus also on R^. 

This last aspect provides for a great simpliflcation of the 
formulation as the end-point locus now moves only along 
the Vmj II .*>2 vector direction. The resulting reduction in com- 
puting cost is signiflcant, and the equivalence to the Lambert 
point-to-point conic transfer model is attracth'e. 

The fint two segments of the transfer associated with the 
departure planet may be treated in a like manner. If the planet 
is Earth, the pseudostate correction may be disregarded (i.e., 
r; = R,). or else the duration of Earth’s perturbative effect 
may be reduced to a fraction of AT It can also be set to 
equal a flxed quantity, e.g., AT^ = 20 days. The latter value 
was in fact used at the Orth’s side of the transfer in the 
data generation process for this document. 


weeks, is thus definable: on any day within its confines the 
capability of a given laundi/injection vehicle must enual or 
exceed the departure energy requirement for a specified 
payload wei^t. 

In the course of time these minimum departure energy 
opportunities do recur regularly, at “synodic period” intervals, 
reflecting a repetition of the relative angular geometry of the 
two planets. If tOj and CU] are the orbital angula/ rates of the 
inner and outer of the two planets, respectively, moving about 
the Sun in circular orbits, then the mutual configuration of 
the two bodies changes at the following rate: 

<Oj 2 * ' Wj . rad/s (4) 

If a period of revolution, P, is defined as 


The rectilinear pseudostate method described above and in 
Ref. 7 thus involves an iterative procedure, utU^zing the 
standard Lambert algorithm to obt-'in a starting set of values 
for at each end of the transfer arc. This first guess is then 
improved by allowing the planetocentric pseudostate position 
vector to be scaled up and down, using a .suitable partial at 
either body, such that ATg^Q, the time required to fall along 
the rectilinear hyperbola through ^ (the sum of the sweep- 
back distance V^f X AT} and the planetocentric distance |r* |), 
equal the gravitational perturbation duration, AT^. Both r* and 
along which the rectilinear faU occurs, are continuously 
reset utilizing the latest values of magnitude and direction of 
K. at each end, /, of the new Lambert transfei arc, as the 
iteration progresses. The procedure converges rapidly as the 
hyperbolic trip time discrepancy, AAT ■ ATggg - AT/, falls 
below a preset small tolerance. 

Once the vectors at each planet are converged upon, 
the desired output variat ;s can be generated and contour 
plotted by existing standard algorithms. 

III. Trajectory CharactmrlsUcs 

A. MlMionSpaM 

All realistic launch and injection vehicles ate energy-limited 
and impose very stringent constraints on the interplanetary 
mission selection process. Only those transfer opportunities 
which occur near the times of a minimum Earth departure 
energy requirement are thus of practical interest. On either 
side of sudt an optimal date, departure energy increases, fint 
slowly, followed by a rapid increase, thus requiting either a 
greater launch capability, or alternatively a lower allowable 
payload mass. A “laundi period.” measured vt days or even 


then 



where P^, the synodic period, is the period of planetary 
geometry recurrence, while P.^ and P^ are the orbital “sidered 
(i.e., inertial) periods” of the inner (faster) and the outer 
(slower) planet considered, respectively. 

Since planetary orbits are neither exactly circular nor co- 
planar, launch opportunities do not repeat exactly, some 
years being better than others in energy requirements or in 
other parameters. A complete repeat of trajectory character- 
istic* " ,jrs only when exact!*’ the same orbital geometry of 
departure and arrival body recurs. For negligibly perturbed 
idanets approximately identical inertial positions in space at 
departure and arrival imply near-recurrence of transfer tra- 
jectory characteristics. Such events can rigorously be assessed 
only for nearly resonant nonprecessing planetary orbit:, Le., 
for those whose periods can be related in temu of integer 
fractions. For instance, if five revedutions of one body cor- 
respond to three revolutions of the other, that time interval 
would constitute the “period ./f repeated characteristics.” 
Near-integer ratios provide nearly repetitive configurations 
with respect to the lines of' apsides and nodes. The Earth- 
relative synodic period of Saturn is 378.092 days, i.e., about 
12.4 months. Ea^ cycle of 28 consecutive Saturnian mission 
opportunities amounts to 10586.6 days and is nearly repetitive, 
driven by Saturn’s sidereal period of 29.4571 > 3m or 10759.2 
days. It is obvious that for an identical mutual angular geom- 
etry Saturn would be found short of its inertial posiiion in tb- 
previous cycle by 172.6 days worth of motion (5.78 de^.V 
while Earth would have com|deted 10586.6/365.25 ■ 28.985 
revolutions, being short of the old mark by the same angular 
amount as Saturn. 
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A rrmch closer repetition of characteristics occurs dOflUinM* ^ 100-day departure date coverage span 


beyond two full Saturn revolutions (2 X 29.4571 = 59.9142 
years 21518.405 days), after 57 Saturn-departure oppor- 
tunities (57 X 378.092 = 21551.244 days = 5^00409 years) 
showing an inertial position excess of only 1.099 degs., 32.839 
days woith of Saturn motion beyond the original design 
arrival point. 

A variety of considerations force the realistic launch period 
not to occur at the minimum energy combination of depar- 
ture and arrival dates. Launch vehicle readiness status, proce- 
dure slippage, weather anomalies, multiple launch strategies, 
arrival characteristics-aO cause the launch or, more generally, 
the departure period to be extended over a number of days or 
weeks and not necessarily centered on the minimum energy 
4ate. 


was selected, primarily in order to encompass launcn energy 
requirements of up to a = 220 km^/s^ co.ntour, where 
i.e., twice the injection energy per unit mass, 
Ej = K2/2. Arrival date coverage was set at 3000 days to 
display missions from 2 > to 10 -year flight time. 

The matrix of departure and arrival dates to be presented 
comprises the “mission space” for each departure opportunity. 

B. Transfer Tra|ectory 

As previously stated, each pair of departure/arrival dates 
specifies a unique transfer trajectory. Each such point in the 
mission space has associated with it an array of descriptive 
variables. £>eparture energy, characterized by C 3 , is by far the 
most significant among these parameters. It increases towards 
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the edges of the mission space, but it also experiences a dra- 
matic rise along a “ridge,” passing diagonally from lower left 
to uppei right across the mission space (Fig. 4). This distur- 
bance is associated with ail diametric, i.e., near-180-deg, 
transfer trajectories (Fig. 5). 

In 3-dimensional space the fact that all planetary orbits are 
not strictly coplanar causes such diametric transfer arcs to 
require high ecliptic inclinations, culminating in a polar flight 
path for an exact 180-deg ecliptic longitude increment be- 
tween departure and arrival points. The reason for this 
behavior is, as shown in Fig. 5, that the Sun and trajec- 
tory end points must lie in a single plane, while they are also 
lining up along the same diameter across the ecliptic. The 
slightest target planet orbital inclination causes a deviation 

^ = TRUE TRANSFER 

ANGI.E 

il/ = TRANSFER ANGLE 
POLAR IN ECLIPTIC PLANE 



Fig. 6. Effect of transfer angle upon inclination of 
trajectory arc 



Fig. 6. Nodal transfer geometry 


out of the ecliptic ai.d forces a polar 180-deg transfer, in order 
to pick up the target’s vertical out-of-plane displacement. 

The obvious sole exception to this rule is the nodal transfer 
mission, where departure occurs at one node of the target 
planet orbit plane with the ecliptic, whereas arrival occurs at 
the opposite such node. In these special cases, which recur 
every half of the repeatability cycle, discussed in the preceding 
paragraph, the transfer trajectory plane is indeterminate and 
may as well lie in the departure planet’s orbit plane, thus 
requiring a lesser departure energy (Fig. 6). The opposite strat- 
egy (i.e., a transfer in the arrival planet’s orbit plane) may be 
preferred if anival energy, Is to be minimized (Fig. 7). 

It should be noted that nodal transfers, being associated 
with a specific Saturn arrival date, may show up in the data on 
several consecutive Saturnian mission opportunity graphs (e.g., 
1996-2001), at points corresponding to the particular nodal 
arrival date. Their mission space position moves, from oppor- 
tunity to opportunity, along the 180-deg transfer ridge, by 
gradually sliding towards shorter trip times and earlier relative 
departure dates. Only one of these opportunities would occur 
at or near the minimum departure energy or the minimum 
arrival date, which require a near-perihelion to near- 
aphelion transfer trajectory. These pseudo-Hohmann nodal 
transfer opportunities provide significant energy advantages, 
but represent singularities, i.e., single-time-point missions, 
with extremely high error sensitivities. Present-day mission 
planning does not allow single fixed-time departure strategies; 
however, future operations modes, e.g., space station “on- 
time” launch, or alternately Earth gravity assist (repeated) 
encounter at a specific time, may allow the advantages of a 
nodal transfer to be utilized in full. 

The 180-deg transfer ridge subdivides the mission space 
into two basic regions: the Type I trajectory space below the 
ridge, exhibiting less than 180-deg transfer arcs, and the 
Type II space whose transfers are longer than 180 deg. In 
general the first type also provides shorter trip times. 

Trajectories of both types are further subdivided in two 
parts-Classes 1 and 2. These are separated, generally hori- 
zontally, by a boundary representing the locus of lowest 
energy for each departure date. Classes separate longer 
duration missions from Sorter ones within each type. Type I, 
Class 1 missions could thus be prefc *^ed because of their 
shorter trip times. 

Transfer energies become extremely high for very short 
trip times, inHnite if launch date equals arrival date, and of 
course, meaningless for negative trip times. 

The reason that high-inclination transfers, as found along 
the ridge, also require such high energy expenditures at depar- 
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ture is that the spacecraft velocity vector due to the Earth’s 
orbital velocity must be rotated through large angles out of the 
ecliptic in addition to the need to acquire the required transfer 
trajectory energy. The value of Cj on the ridge is large but 
finite; its saddle point minimum value occurs for a pseudo- 
Hohmann (i.e., perihelion to aphelion) polar transfer, requiring 

C 3 = P| + 1 j « 2500 km*/s* (7) 

where Vg * 29.766 kin/s, the Earth’s heliocentric orbitai 
veiocity, and ^ 9.54 AU, Saturn’s (the arrivai pianet's) semi- 
major axis. By a simiiar estimate, it can be shown that for a 
true nodai pseudo-Hohmann transfer, the minimum energy 
required wouid reduce to 


-‘OStaVs’ 

'■ ( 8 ) 

This is the iowest vaiue of C, required to fly from Earth to 
Saturn, assuming circular planetary orbits. 


Arrival K-infinlty, , is at its lowest when the transfer 
trajectory is near-coplanar and tangential to the target planet 
orbit at arrival. 


Both and near the ridge can be signiflcantly low- 
ered if deep-space deterministic maneuvers are introduced into 
the mission. The "broken-plane” maneuvers are a category of 
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such ridge-ccmnteracdng measures, which can nearly eliminate 
all vestiges of the near-180*deg transfer difficulties. 

The basic principle employed in broken-plane transfers is to 
avoid high ecliptic inclinations of the trajector>' by performing 
a plane change maneuver in the general vicinity of the halfway 
point, such that U would correct the spacecraft’s aim toward 
the target planet’s out-of-ecliptic position (Fig. 8 ). 

Graphical data can be presented for this type of mission, 
but it requires an optimization of the sum of critical AV' 
expenditures. The decision on which AKs should be included 
must be based on some knowledge of overall staging and arrival 
intentions e.g., departure injectioii and arrival orbit insertion 
vehicle capabilities and geometric constraints or objectives 
contemplated. As an illustration, a sketch of resulting contours 
of C 3 is shown in Fig. 9 for a typical broken-plane oppor- 
tunity represented as a narrow strip covering the ridge area 
(Class 2 of Type I and Class 1 of Type II) on a nominal 1992 
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Fig, 9. Mission space with broktn-plana transfer, affective energy requirements 
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launch/arrival date C 3 contour plot. The deep-space maheuwr 
^Vffp is transformed into a C 3 equivalent by converting the 
new bioken-plane to an injection velocity at parking 
orbit altitude, adding and converting the sum to a new 
and slightly larger C 3 value at each point on the strip. 

C, Launch/Injection Geometry 

The primary problem in departure trajectory design is to 
match the mission-required outgoing F-infinity vector, to 
the specified launch site location on the rotating Earth. The 
site is defined by its geocentric latitude, 0 ^, and geographic 
east longitude, (Figs. 10 and 1 1). 

Range safety considerations prohibit overflight of popu- 
lated or coastal areas by the ascending launch vehicle. For each 
launch site (e.g., Kennedy Space Center, Western Test Range, 
or Guiana Space Center), a sector of allowed azimuth firing 
directions is defined (measured in the site’s local horizontal 
plane, clockwise from north). For each launch vehicle, the 
allowed sector may be further constrained by other safety 
considerations, such as spent stage impact locations down the 
range and/or down-range significant event tracking capabilities. 

The outgoing K-infinity vector is a slowly varying function 
of departure and arrival date and may be considered constant 
for a given day of launch. It is usually specified by its energy 


'magninraeT^ = IV^P, called out as C^L in the plots and 
representing twice the kinetic energy (per kilogram of injected 
mass) which must be matched by launch vehicle capabilities, 
and the F-infinity direction with respect to the inertial Earth 
Mean Equator and equinox of 1950.0 (EME50) coordinate 
system: the declination (i.e., latitude) of the outgoing asymp- 
tote 6 ^ (called DLA), and its right ascension (i.e., equatorial 
east longitude from vernal equinox, T) ou (or RLA). These 
three quantities arc contour-plotted in the handbook data pre- 
sented in this volume. 

1. Launch azimuth problem. The first requirement to be 
met by the trajectory analyst is to establish the orientation of 
the ascent trajectory plane (Ref. 8 ). In its simplest form this 
plane must contain the outgoing V-infinity (DLA, RLA) 
vector, the center of Earth, and the launch site at lift-off 
(Fig. 10). As the launch site partakes in the sidereal rotation of 
the Earth, the continuously changing ascent plane manifests 
itself in a monotonic increase of the launch azimuth, with 
lift-off time, (or its angular counterpart, - a^, measured 
in the equator plane): 

cos 0 ^ X tan 6 ^ - sin 0^ X cos (a^ - o^) 


( 9 ) 


ASYMPTOTE 



Fig. 10. Launch/inieetlon trajectory plane geometry 
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The daily time history of azimuth can be obtained from Eq. 
( 9 ) for a given 6 ^ depaitt're asymptote direction by 
following quadrant rules explained udow and using the 
following approximate expressions (sec Fig. 11): 


^^^DATE ^EARTH ^ 


GHA 


DATE 


= 100.075 + 0.9856123008X4/, 


so 


( 10 ) 

( 11 ) 


where 


GHA 


DATE 


CJ 


EARTH 


"SO 


Right ascension of launch site ( 0 , , X, ) at 
(deg) 

Greenwich hour angle at 0^ GMT of any 
date, the eastward angle between vernal 
equinox and the Greenwich meridian (deg), 
assumes equator is EME50.0 

sidereal (inertial) rotation rate of Earth 
(15.041067179 deg/h of mean solar time) 

launch date in terms of full integer days 
elapsed since 0^ Jan. 1 , 1950 (days) 


GREENWICf! 
MERIDIAN 
0*^ GMT 

EAST LONGITUDE OF' 
LAUNCH SITE \ 


L ^UNCH SITE 
AT 0^ GMT 


ANGLE TRAVERSED 
BY LAUNCH SITE 
SINCE 0^ GMT 
OF LAUNCH DATE 


GREENWICH HOUR ANGLE 
(GHA) 





VERNAL 

EQUINOX 


DEPARTURE 

ASYMPTOTE 

MERIDIAN 


LAUNCH SITE 
AT LAUNCH, (GMT) 


Fig. 11. Earth equator plana definition of angles involved 
in the launch problem 


tive) and 360.0 deg in the fourth quadrant (when cotan £ 
is negative). 


= lift-off time (h, GMT, i.e., mean solar time) A generalized plot of relative launch Jime vs launch 

azimuth can be constructed based on Eqs. (9) and (12), 


A relative launch time, measured with respect to an 

inertial reference (the departure asymptote meridian’s right 
ascention <^), can be defined as a sidereal time (Earth’s 
rotation rate is 15.0 deg/h of sidereal time, exactly): 


^RLT ~ “ 15.0 ’ ^ 


( 12 ) 


This time represents a generalized sidereal time of launch, 
elapsed since the launch site last passed the departure asymp- 
tote meridian, 


if a fixed launch site latitude is adopted (e.g., 0 ^ = 28.3 deg 
for Kennedy Space Flight Center at Cape Canaveral, Florida). 
Such a plot is presented in Fig. 12 with departure as^^mptote 
declination as the contour parameter. The plot is applicable 
to any realistic departure condition, independent of a^, date, 
or true launch time (Ref. 9), 

2. Daily launch windows. Inspection of Fig. 12 indicates 
that generally two contours exist for each declination value 
(e-g * 6,0 = -10 deg), one occurring at during the a.m. 
hours, the other in the p.m. hours of the asymptote relative 
“day.” 


The actual Greenwich Mean (solar) Time (GMT) of launch, 
may be obtained from by transforming it to mean 
solar time and adding a date, site, and asymptote-dependent 
adjustment; 

^RLT ^ ’ ^^^DATE " \ 

^EARTH ^EARTH 

The expression for (Eq. 9) must be used with computa- 
tional regard for quadrants, singular points, and sign conven- 
tions. If the launch is known to be direct (i.e., eastward), 
then when cotan 2 ^ is negative, must be corrected to 
2 ^ * ^ 180.0. For retrograde (westward) launches, 

180.0 deg must be added in the third (when cotan 2 is posi- 


Since lift-off times are bounded by preselected launch-site- 
dependent limiting values of launch azimuth 2^^^ (e.g., 70 deg 
and 1 IS deg), each of the two declination contours thus con- 
tains a segment during which launch is pennissible— “a launch 
window.” The two segments on the plot do define the two 
available daily launch windows. 

As can be seen from Fig. 12, for 6 . = 0, the two daily 
launch opportunities are separated by exactly 12 hours; with 
an increasing | they close in on each other, until at I ■ 
10^1 they merge into a single daily opportunity. For | 8 .| > 
a “split” of that single launch window occur, disallow- 
ing an ever-increasing sector of azimuth values. This sector is 
symmetric about east and its limits can be determined from 


10 



ORIGINAL PAGE » 
OF POOR QUALFTY 



Fig. 12. Genoralized relative launch time ys launch azimuth \ and departure asymptote declination 5^. 
Pair of typical example launch windows for * -10 deg shown by bold curve segments 

(reproduced from Ref. 9). 


sin 2^ 


LIMIT 


COS 6^ 
COS0^ 


(14) 


As 5^ gets longer, the sector of unavailable launch azimuths 
reaches the safety boundaries of permissible launches, and 
planar launch ceases to exist (Fig. 13). This subject will be 
addressed again in the discussion of “dogleg” ascents. 


Figure 14 is a sketch of a typical daily launch geometry 
situation, shown upon a Mercator map of the celestial sphere. 
The two launch windows exhibit a similar geometry since the 
inclinations of the ascent trajectory planes are functions of 
launch site latitude 0^, azimuth only: 

cos i = cos X sin (15) 


The angular equatorial distance between the ascending node 
and the launch site meridian is given by 

sin 0, X sin 1, 

sin (<r, - n) = . (16) 

Quadrant rules for this equation involve the observation that a 
negative cos places (a^ - into the second or third quad- 
rant, while the sign of sin (a^^ - 12) determines the choice 
between them. 

The range angle 0 is measured in the inertial ascent trajec- 
tory plane from the lift-off point at launch all the way to the 
departure asymptote direction, and can be computed for a 
given launch time or a. " azimuth 

already known from Eq. (9) as follows: 


The two daUy opportunities do differ greatly, however, in ^qs 6 » sin 6^ X sin 0, + cos X cos 0, X cos (a. - o, ) 
the right ascension of the ascending mode 12 of the orbit and « » » 

in the length of the traversed in-plane arc, the range angle 9. (17) 




180 


(18) 
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Fig. 13. Permlttible regions of asimuth vs asymptote 
declination launch space for Capa Canaveral 
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sin - 0 ^) X cos 6. 

STi, 

The extent of range angle 8 can be anywhere between 
0 deg and 360 deg, so both cos 8 and sin 8 may be desired in 
its determination. The range angle 8 is related to the equa- 
torial plane angle, Aa = a. - a^, discussed before. Even 
though the two angles are measured in different planes, they 
both represent the angular distance between launch and depar- 
ture a^rmptote, and hence they traverse the same numb.r of 
quadrants. 

Figure 15 represents a generally applicable plot of centnd 
range angle 8 vs the departure asymptote declination and 
launch azimuth, computed using ^s. (17) and (18) and a 
launch site latitude ^ = 28.3 (Cape CanaveraO. The twin 
daily launch opportunities are again evident, showing the 
significant difference in available raitge an^e when following a 
vertical, constant 6 ^ line. 

It is sometimes convenient to reverse the computational 
procedure and determine launch azimuth from known range 
angle 8 and i.e., Aa = a. - o^, as follows: 


ASYMPTOTE RELATIVE LAUNCH TIME h 



90 135 180 

RIGHT ASCENSION a, deg 
(EARTH EQUATORIAL CELESTIAL LONGITUDE) 


BY DEFINITION 
tof/p “ 0^ “ 24^ AT 
^-MERIDIAN 


DAILY TRACK 
OF LAUNCH SITE 
AT =28.3® 


ASSUMED V„ 
ASYMPTOTE 
LOCATION: 
6« = -15° 
ot.-315° 


Fig. 14. Typical launch geometry exampio in ealastial (inartiaO Mareator ooordinatai 
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400 
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DEPARTURE ASYMPTOTE DECLINATION 6^ , deg 


Pig. 16. Central range angle $ between launch lita and outgoing asymptota direction vt iti declination and launch aaimuth. 
Pair of typical example launch windows for 6. - -10 dog shown by bold line segments 

(reproduced from Ref. 8). 


cos 6^ X sin (o^ - a^) 


sin 6^ - cos 6 X sin d, 

cosZ, = — (20) 

i sin 6 X cos ' ' 

Figure 16 displays a 3'dimensional spatial view of the same 
typical launch geometry example shown previously in map 
format in Fig. 14. The difference in available range angles as 
well as orientation of the trajectory planes for the two daily 
launch opportunities clearly stands out. In addition, the Hgure 
illustrates the relationship between the “first” and “second 
daily” launch windows, defined in asymptote*relative time, 
tuiT, as contrasted with “morning” or “night” launches, 
deflned in launch•sit^local solar time. The latter is associated 


with the lighting conditions at lift-off and consequently allows 
a lighting profile analysis along the entire ascent arc. 

The angle ZALS, displayed in Fig. 16, is defined as the 
angle between the departure vector and the Sun-to-Eann 
direction vector. It allows some Judgment on available ascent 
lighting. 

The k ngth of the range angle required exhibits a complex 
behavior-the first launch window of the example in F^s. 14 
and 16 offers a longer range angle than the second, but the 
second launch window opens up with a range angle so short 
that direct ascent into orbit is barely possible. Further launch 
delay shortens the range even further, forcing the acceptance 
of a very long coast (one full additional revolution in parking 
orbit) before transplanetary departure injection. A detailed 
analysis of required arc lengths for the various sub-arcs of the 
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6y BURNING ARC OF BOOSTER VEHICLES INTO PARKING ORBIT 
$2 BURNING ARC OF FINAL STAGE THRUST 

d RANGE ANGLE BETWEEN LAUNCH SITE AND DEPARTURE RADIAL ASYMPTOTE 
ANGLE BETWEEN TERIGEE AND DEPARTURE RADIAL ASYMPTOTE 
Vj TRUE ANOMALY OF INJECTION 

Fig. 17. Basic gaomatry of tht launch and atcant profile in tha trajactory plana (after Raf. 9) 


departure trajectory is thus a trajectory design effort of para- 
mount importance (Fig. 1 7). 

3. Range angle arithmetic. For a viable ascent trajectory 
design, the range angle $ mur. first of all accommodate the 
twin bum arcs 9^ and dj, representing ascent into parking 
orbit and transplanetary injection bum into the departure 
hyperbola. In addition, it must also contain the angle from 
periapse to the direction, called “true anomaly of the 
asymptote direction” (Fig. 18); 


where: 


- periapse radius, typically 6S63 km, for a horizontal 
ii\jection from a 18S-km (KXFnmi) parking orbit 

” GM, gravitational parameter of Earth (refer to the 
Table of Constants, Section V). 

The proper addition of these trajectory sub-arcs also requires 
adjustment for nonhorizontal injection (i.e., for the flight 
path angle 7 ; > 0), especially significant on direct ascent 
missions (no coast arc) and missions with relatively low 
thrust/wei^t ratio injection stages. The adjustment is accom- 
plished as follows; 

where: 


If / 
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= is the true anomaly of the injection point, usually 
is r>ear 0 deg, and can be computed by iteration 
using: 

/ 

e sm p y 

tan 7 , = — / (23) 

I 1 + e„ cos V, X ’ 

H l y 

= injection flight path angle ab^>/e local horizontal, 
deg 

= eccentricity of the dej^rture hyperbola: 

C, X r 


To tnake Eq. (22) balance, the parking orbit coast arc, 
''P remaining, as shown in 

17. A negative 0^0457 hnplies that the -solution was 
too short-ranged. A direct ascent with positive ii\jection true 
anomaly Pj (i.e„ upward climbing fli^t path angle, at 
htjection) witfi attendant sizable gravity losses, may be accept- 
able, or even desirable (within limits) for such missions. 
Alternately, the other solution for exhibiting the longer 
range angle 9, and thus a longer parking orbit coast, O^qasT' 
should be implemented. An extra revolution in parking orbit 
may be a viable alternative. Other considerations, such as 
desire for a li^tside launch and/or injection, tracking ship 
location and booster impact constraints, may all play a signif- 


icant role in the ascent orbit selection. A limit on maximum 
coast duration allowed (fuel boil-off, battery life, guidance 
gyro drift, etc.) may also influence the long/short parking orbit 
decision. In principle, any number of additional parking orbit 
revolutions is permissible. Shuttle launches of interplanetary 
missions (e.g., Galileo) are in fact required to use such addi- 
tional orbits for cargo bay door opening and payload deploy- 
ment sequences. In such cases, however, ^e precessional 
effects of Earth’s oblateness upon the parking orbit, primarily 
the regression of the orbital plane, must be considered. 

4. Parking orbit regression. The average regression of the 
nodes (i.e., the points of spacecraft pas.age through the 
equator plane) of a typical direct (prograde) circular parking 
orbit of 28.3-deg inclination with the Earth’s equator, due to 
Earth’s oblateness, amounts fo about 0.46 deg of westward 
nodal motion per revolution and can be approximately com- 
puted from 

. 540“Xf^ X/ Xcosf 

SI i , deg/revohition (25) 

i 


r « Earth equatorial surface radius, 6378 km 

* circular orbit radius, typically 6748 km for an 
orbital altitude of 370 km (200 nmi) 


I 
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/j =■ 0.00108263 for Earth 

I " parking orbit inclination, deg. Can be computed for 
a give launch geometry from 

cos I = cos 0^ X sin 2^ (26) 

This correction, multiplied by the orbital stay time of N 
revolutions, must be considered in determining a biased launch 
time and, hence, the right ascension of the launch site at 
lift^off: 

.'•'I! m 

5. Dogleg ascent. Planar ascent has been considered exclu- 
sively, thus fax. Reasons for performing a gradual powered 
plane change maneuver during ascent may be many. Inability 
to launch in a required azimuth direction because of launch 
site constraints is the prime reason for desiring a dogleg ascent 
profile. Other reasons may have to do with burn strategies 
or intercept of an existing orbiter by the ascending spacecraft, 
especially if its inclination is less than the latitu'ie of the 
launch site. Doglegs are usually accomplished by a sequence of 
out-of-plane yaw turns during first- and second-stage bum, 
optimized to minimize performance loss and commencing as 
soon as possible after the early, low-altitude, high aerodynamic 
pressure phase of flight is completed, or after the necessary 
lateral range angle offset has been achieved. 

By contrast, powered plane change maneuvers out of 
parking orbit or during transplanetary injection arc much less 
efficient, as a much higher velocity vector must now be rotated 
through the same angle, but they may on occasion be opera- 
tionally preferable. 

As already discussed, a special geometric situation develops 
whenever the departure asymptote declination magnitude 
exceeds the latitude of the launch site, causing a ''split azi- 
muth’’ daily launch window. Figure 13 shows the effects of 
asymptote declination and range safety constraints upon the 
launch problem. As the absolute value of declination increases, 
it eventually reaches the safety constraint on azimuth, prevent- 
ing any further planar launches. The situation occurs mostly 
early and/or late in the mission’s departure launch period, and 
is frequently associated with dual launches, when month-long 
departure periods are desired. 

The Shuttle-era Space Transportation System (STS), includ- 
ing contemplated upper stages, is capable of executing dogleg 
operations as well. These would, however, effectively reduce 
the launch vehicle’s payload (or C 3 ) capability, as they did on 
expendable launch vehicles of the past. 


6 . Tradeing and orientation. As the spacecraft rnc . vay 
...1 the Earth along the asymptote, it is seen a; Jy 
constant declination-that of the departure asymp^r*; 

{OLA in the plotted data). The value of DLA great’ . fects 
tracking coverage by stations located at vzrio *,tudes: 
iughest daily spacecraft elevations, and thus best > t are 
ey/,oyfu fy stations whose latitude is Orbit 

determination, using radio doppler data - * affected 

bv DLA s zero degrees. 

The spacecratt onentaaon in the v weeks is often 

determined by a compromise bet ween '.^m uunication (antenna 
pointing) and solar heating constraints The Sun-spacecraft- 
Earth (SPE) angle, defined as the angJ.: between the outgoing 
F-infinity vector and the Sun-to-Laitn direction, is very 
useful and is presented in the plots under the acronym ZALS. 
It was defined in the discussion of Fig. 16. This quantity has 
many uses: 

( 1 ) If the spacecraft is Sun-oriented, ZALS equals the 
Earth cone angle (CA), depicted in Fig. 19 (the cone 



IT 
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angle of an object is a spacecraft-fixed coordinate, 
an angle betv/etr the vehicle’s longitudinal -Z axis and 
die object direction). 

(2) The Sun-phase angle, (phase angle is the Sun-object- 
sparacraft angle) describes the state of the object’s 
uisk lighting: a fully lit disk is at zero phase. For the 
E.vth (and Moon), several days after launch, the sun- 
phase angle is: 

= 180-ZALS (28) 

(3) The contour labeled ZALS = 90^ separates two cate- 
gories of transfer trajectories-those early departures 
that first cut inside Earth’s orbit, thus starting out at 
negative heliocentric true anomalies for ZALS >90°, 
and those later ones that start at positive true anoma- 
lies, heading out toward Jupiter and never experiencing 
the increased solar heating at distances of less than 
1 AU for ZALS <90°. 

7. Post-launch spacecraft state. After the spacecraft has 
departed from the immediate vicinity of Earth (i.e., left the 
Earth’s sphere of influence of about 1-2 million km), it moves 
on a heliocentric conic, whose initial conditions may be 
approximated as 


^ EARTH * 

("9) 

*^E. 4 RrH Ys/C ^ 

(30) 


where R and V of Earth are evaluated from an epherneris at 
time of injection and At represents time elapsed since then (in 
seconds). The vector in EME50 cartesian coordinates can 
be constructed using y/C^ = DLA = and RLA 
in three components as follows: 

= (K. ^ cos X cos 6^, X sina^ X cos6^, 

X sin 5^) (31) 

8. Orbital launch problem. Orbital launch from the Shuttle, 
from other elements of the STS, or from any temporary or 
permanent orbital space station complexes, introduces entirely 
new concepts into the Earth-departure problem. Some of 
the new constraints, already mentioned, limit our ability 
to launch a given interplanetary mission. The slowly regressing 
space station orbit (see Eq. 25) generally does not contain 
the K-infinity vector required at departure. Orbit lifetime 
or other considerations may dictate a space station’s orbital 
altitude that may be too high for an efficient injection bum. 
Innovative departure strategies are beginning to emerge, 
attempting to alleviate these problems - a recent Science 


Applications, Inc. (SAI) study (Ref. 10) points to some of 
the techniques available, such r.s passive wait for natural 
eUgiunent of tlxe continuously regressing space station orbit 
plane (driven by Forth’s oblateness) with the required 
K-inflnity vector, or the utilization of 2- and 3- impulse man- 
euvers, seeking 1 > perform spacecraft plane changes near the 
apogee of a phasing orbit where velocity is lowest and thus 
turning the orbit is easiest. These two approaches can be 
combined with each other, as well as with other suitable 
maneuvers, such as: 

(1) Deep space propulsive bums for orbit shaping and 
phasing, 

(2) Gravity assist flyby, including Earth return AVEGA, 

(3) Aerodynamic turns at grazing perigees or at inter- 
mediate planetary swingbys, and 

(4) Multiple revolution injection bums, requiring several 
low, grazing passes, combined witli apogee plane change 
maneuvers, etc. 

All of these devices can be optimized to permit satisfactory 
orbital larnches, as well as to achieve the most des/.rable condi- 
tions at the (Inal arrival body. In general^ space launch advan- 
tages, such as on-orbit assembly and checkout of payloads and 
clustered multiple propulsion stages, or orbital construction of 
bulky and fragile subsystems (solar panels, sails, antennas, 
radiators, booms, etc.) will, it is hoped, greatly outweigh the 
significant deep-space mission penalties incurred because of 
the space station’s inherent orbital orientation incompatibility 
with departure requirements. 

D. Planetary Arrival Synttiaaia 

The planetary arrival trajectory design problem involves 
satisfying the project’s engineering and science objectives at 
the target body by shaping the arrival trajectory in a suitable 
manner. As these objectives may be quite diverse, only four 
illustrative f^:enarios shall be discussed in this section-flyby, 
orbiter, atmospheric probe, and, to a small extent, lander 
missions. 

1. Flyby tr^ctory design. In this mission mode, the arrival 
trajectory is not modified in any deterministic way at the 
planet-the original aim point and arrival time are chosen to 
satisfy the largest number of potential objectives, long before- 
hand. 

This process involves the choice of arrival date to ensure 
desirable characteristics, such as the values of the variables 
VHP, CAP, ZAPS, etc., presented in plotted form in the data 
section of this volume. 
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DAP, the planet-equatorial declination, 6^, of the incoming 
asymptote, i.c., of the K-infinity vector, provides the measure 
of !lie minimum possible inclination of flyby. Its negative is 
also known as the latitude of vertical impact (LVI). 


cosp 


1 1 





(33) 


The magnitude of F-infinity, VHP = |V^|, enables one to 
control the flyby turn angle between the incoming and 
outgoing vectors by a suitable choice of closest approach 
(C/i4) radius, (see Fig. 20): 

A^ = 180-2P. deg (32) 

where p, the asymptote half-angle, is found from: 


VHP also enables the designer to evaluate planetocentric 
velocity, V, at any distance, r, on the flyby hyperbola: 



In the above equations, fip (or GMp), is the gravitational param- 
eter of the arrival body. 
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Another pair of significant variables on which to base 
arrival date selection aie ZAPS and ZAPE-the angles between 
K-infinity and the planet-to-Sun and -Earth vectors, respec- 
tively, These two angles represent the cone angle (CA) of the 
planet during the far-encounter phase for a Sun- or an Earth- 
oriented spacecraft, in that order, ZAPS also determines the 
phase angle, of the planet’s solar illumination, as seen by 
th^ spacecraft on its far-encounter approach leg to tiie planet: 


= 180 -ZAPS 


Both the cone angle and the phase angle have already been 
defined and discuss<d in the Earth departure section above. 

The flyby itself is specified by the aim point chosen upon 
the arrival planet target plane. This plane, often referred to 
as the ^-plane, is a hi^ly useful aim point design tool. It is a 
plane passed through the center of a celestial body normal to 
the relative spacecraft incoming velocity vector at infinity. 
The incoming asymptote, i.e., the straight-line, zero-gravity 
extension of the -vector, penetrates the ^-plane at the aim 
point. This point, defined by the target vector B in the ^B-plane, 
is often described by its two components B • T and B • R, 
where the axes f and R form an orthogonal set with V^. The 
T-axis is chosen to be parallel to a fundamental plane, usually 
the ecliptic (Fig. 21) or alternatively, the planet’s equator. The 
magnitude of B equals the semi-minor axis of the flyby hyper- 
bola, by and can be related to the closest approach distance, 
also referred to as the periapse radius, by 




, km (37) 


The direction angle d of the ^-vector, B, measured in the ' 
target plane clockwise from the T-axis to the R-vector position 
can easily be related to the inclination, i, of the flyby trajec- 
tory, provided that both 6,^ (DAP) and the T-axis, from which 
6 is measured clockwise, are defined with respect to the same 
fundamental plane to which the inclination is desired. For a 
system based on the planet equator (Fig. 22): 

cos = cos X cos 8^ (38) 


which assumes that dpgg is computed with the f-axis parallel 
to the planet equator (i.e., Tp^g “ X POL^m), not the 
ecliptic^ as is frequently assumed ® X POLE£.^^). 
Care must be taken to use the d angle as defined and intended. 
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TARGET B-PLANE. 
1 TO INCOMING 
ASYMPTOTE V 


PARALLEL TO 

INCOMING 

ASYMPTOTE 




HYPERBOLIC 
V PATH OF 
SPACECRAFT 

/ AIM POINT 

/incoming asymptote 

'TRAJECTORY PLANE 


B MISS PARAMETER, BiS 
(TARGET VECTOR) 
e AIM POINT ORIENTATION 
S PARALLEL TO INCOMING ASYMPTOTE, V» 
f PARALLEL TO ECLIPTIC PLANE 
AND! TO? 

R =SXT 

Fig. SI . Definition of target or arrival ^-plana coordinates 


The two systems of ^-plane T-axis definition can be recon- 
ciled by a planar rotation, between the ecliptic f- and 
R-axes and the f- and S-axis orientations of the equator 
based system 


tan A0 


sin(«, 

COS 8^ X tan 6^^ - sin 6^ X cos (a^ - o^p) 


oigp and 8gp are right ascension and declination of the 
ecliptic pole in planet equatorial coordinates. For Saturn 
using constants in Section V: 

= 265.5266, 6^ = 61.9532, deg 

and 5^ are RAP and DAP, the directions of incoming 
, also in planet equatorial coordinates. 
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tCLIPTIC POLE (EP) 



^PEQ “ '^oc X P/>£2 

Aa = 90 - [(a£.^ - 90) - (o^ - 180)] = - a^p 

A0= ARCTAN ISIN Ao/(COS x TAN S^p - SIN x COS Aa)] 

Fig. 22. Two T*axis definition$ in the arrival j8>plane 


The correction Ad is applied to a d angle computed in the 
ecliptic system as follows (Fig. 22): 

^PEQ “ ^ECL 

The ecliptic T, axes, however, have to be rotated by 
-A6 (clockwise direction is positive in the ^-plane) to obtain 
planet equatorial f , il^£^ coordinate axes. The ^-magnitude 
of an aim point in either system is the same. 

The projections of the Sun-to-planet and Earth-to-planet 
vectors into the i^plane represent aim point loci of diametric 
Sun and Earth occultations, respectivelj^, as defined in Fig. 23. 
The i?-plane d-angles (with respect to T^^^. 
ables are presented and labeled ETSP and ETEP, respectively, 
in the plotted mission data. In addition to helping design or 
else avoid diametric occultations, these quantities allow 
computation of phase angles, <t>y, of the planet at the spacecraft 


periapse, at the entry point of a probe, or generally at any 
position r (subscript S = Sun, could be replaced by £ = Earth, 
if desired), (see Fig. 24): 

cos = -cos X cos ZAP^ - sin X sin ZAP^ 

Xcos(£T/-e^/^) (41) 

where 

the aim point angl^in the £-plane, must be with 
respect to the same f , as ETSP. 

= the arrival range angle from infinity (a position far 
out on the incoming asymptote) to the point of 
interest r (Fig. 25). 

The computation of the arrival range angle, to the 
position of the desired event depends on its type, as follow^. 
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Fig. 23. Definition of approach orientational 
coordinates ZAPS and ETSP, ZAPE and ETEP 


1. At flyby periapse, (0^ > 90 deg): 


cos (3^ - cos(-»’^) *=■ 


-1 




(42) 


1 + 


(rp is peiiapse radius). 

2. At given radius r, anywhere on the flyby trajectory 
(ree Fig. 25): 




(43) 


V. should be computed from periapse equation, 
Eq. (42) at r can be obtained from < + 

*'» > "r negative values on the incoming branch): 


cosi» = 


{••’ 4 ) 


(44) 


3. At the entry point having a specified flight path angle 
(Fig. 25): 




(45) 


fl-PLANE 



ECLIPTIC 


TO SUN 

TRAJECTORY ARC, /L. 


TERMINATOR 
♦e « 90* 


r, RADIUS TO 
A POINT ON 
TRAJECTORY 
Wr/ ' phase ANGLE, 4> PROJECTED ONTO 

UNIT-SPHERE 


Fig. 24. Phase angle geometry at arrival planet 
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where is the true anomaly at entry, should always 
be negative, and can be computed if entry radius and 
altitude, and the entry angle, are 

known: 



whereas the fictitious periapse radius for the entry, 
to satisfy 7^ at is equal to 



/ l^i\ 1 \ 

' te) 

■'V'* w r^f '7 


(47) 


The B value corresponding to this entry point can be com- 
puted from Eq. (36), while the d angle in the ^piane would 
depend on the desired entry latitude inclination, Eq. (38), or 
phase angle, ^q. (41). 

The general flyby problem poses the least stringent con- 
straints on a planetary encounter mission, thus allowing 
optimization choices from a large list of secondary parameters, 
such as satellite viewing and occultation, planetary fields and 
particle in Siitu measurements, special phase-angle effects, etc. 

A review of the plotted handbook variables, required in the 
phase-angle equation (Eq. 41), shows that the greatest magni- 
tude variations are experienced by the ZAPS angle, which is 
strongly flight-time dependent: the longer the trip, the smaller 
ZAPS. For low equatorial inclination, direct flyby orbits, this 
implies a steady move of the periapse towards the lit side and, 
eventually, to nearly subsolar periapsesfor long missions. This 
also implies that on such flights the approach legs of the tra- 
jectory are facing the morning terminator or even the dark 
side, as trip time becomes longer, exhibiting large phase angles 
(recall that phase is the supplement of the ZAPS angle on 
the approach leg). This important variation is caused by a grad- 
ual shift of the incoming approach direction, as flight time in- 
creases, from the subsolar part of the target planet's leading 
hemisphere (in the sense of its orbital motion) to its antisolar 
part. 

The arrival time choice on a very fine scale may greatly 
depend on the desire to observe specific atmospheric/surface 
features or to achieve close encounters with specific satellites 
of the arrival planet. Passages through special satellite event 
zones, e.g., flux tubes, wakes, geocentric and/or heliocentric 


occultations, require close control of arrival time. The number 
of satellites passed at various distances also depends on the 
time of planet C/4. These fine adjustments do, however, 
demafid arrival time accuracies substantially in excess of those 
provided by the computational algorithm used in this effort, 
which generated the subject data (accuracies of 1-S min for 
events or 1-2 h for encounters would be required vs uncertain- 
ties of up to 1.5 days actually obtained with the rectilinear 
impact pseudo-state theorem). Numerically searched-in inte- 
grated trajectories, based on the information presented as a 
first guess input, are mandatory for such precision trajectory 
work. 

Preliminary design considerations for penetrating, grazing, 
or avoiding a host of planet-centered fields and particle struc- 
tures, such as magnetic fields, radiation belts, plasma tori, ring 
and debris structures, occultations by Sun, Earth, stars, or 
satellites, etc., can all be presented on specialized plots, e.g., 
the B-plane, and do affect the choice of suitable aim point 
and arrival time. All of these studies require the propagation 
of a number of flyby trajectories. Adequate initial conditions 
for such efforts can be found in the handbook as: VHP (F^) 
and DAP (5^) already defined, as well as RAP (a^), the 
planet equatorial right ascension of the incoming asymptote 
(i.e., its east longitude from the ascending node of the planet’s 
mean orbital plane on its mean equator, both of date). The 
designer's choice j:^f the aim point vector, either as.fi and 0, or 
as cartesian B * T and B * R, completes the input set. Suitable 
programs generally exist to process this information. 

2. Capture orbit design. The capture problem usually 
involves the task of determining what kind of spacecraft orbit 
is most desired and the interconnected problem of how and at 
what cost such an orbit may be achieved. A scale of varying 
complexity may be associated wi^h the effort envisioned— an 
elliptical long period orbit with no specific orientation at the 
trivial end of the scale, throu^ orbits of controlled or opti- 
mized lines of apsides (i.e., periapse location), nodes, inclina- 
tion, or a safe perturbed orbital altitude. Satellite G/A-aided 
capture, followed by a satellite tour, involving multiple satel- 
lite G/A encounters on a number of revolutions, each designed 
to achieve specific goals, probably rates as the most complex 
capture orbit class. Some orbits are energetically very difflcult 
to achieve, such as close circular orbits, but all require signifi- 
cant expenditures of fuel. As maneuvers form the background 
to this subject a number of usefld orbit design concepts shall 
be presented to enable even an unprepared user to experiment 
with the data presented. 

The simplest and most effleient mode of orbit injection is 
*a coplanar bum at a common periapse of the arrival hyperbola 
and the resulting capture orbit (Fig. 26). The maneuver A V 
required is: 
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[IKE£ 


,kmls 


(48) 


A plot of orbit inwrtion AV required as a ftinction of and 
P (using Eq. SO) is presMited in Fig. 27. The ^poapse radius of 
such an orbit of given period would be 


The orbital period for such an orbit, requiring knowledge 
of periapse and apoapse radii, fp and , is 



If on the other hand, a known orbit period P (in seconds) 
is desired, the expression for AF is 




An evaluation of Eq. (SO) (and Fig. 27) shows that lowest 
crbit insertion AF is obtained for the lowest value of r^, the 
longest period P, and the lowest of arrival. 


Of some interest is injection into dtcular capture orbits, a 
special case of the coapsida! insertion problem. It can be 
shown (Ref. 9) that an optimal AF exists for insertion into 
capture orbits of constant eccentricity, including e * 0, i.e., 
circular orbits, which would 'equire a specific radius: 



Fig. 26. CoapsMal and eotangential capture orbit insertion geometries 



NOTE: COMMON 
.PERIAPSE ORBIT, 
INSERTION 
MANEUVER 


1RS« 60,000 km 


original »g^ 
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one can solve for the hyperbolic periapse and the 
bum radius r using selected values of true anomaly at hyper> 
boiic bum point and its capture orbit equivalent 




utilizing the following three equations (where E and H stand 
for elliptic and hyperbolic, respectively): 




I PERIAPSE 
60° } RADIUS 
160 ° » r 

P 

CAPTURE 

ORBIT 

PERIOD, 

davt 


r +2) X(r -O 

sin CA ^ j ^ A p' 




ARRIVAL V„. knVi 


Fig. 27. Coaptidal capture orbit insertion maneuver 
requirements for Saturn (using Eq. 50) 




while the corresponding optimal value for A V would be 




Frequently the orbital radius obtained by use of £q. (52) is 
incompatible with practical injection aspects or vith arrival 
planet science and engineering objectives. 

A more general coplanar mode of capture orbit insertion, 
requiring only tangentiality of the two trajectories at an 
arbitrary maneuver point of radius r common to both orbits, 
Fig, 26, requires a propulsive effort of 

/Z 2m. 

. ,54) 

It can be clearly seen that by performing the burn at periapse 
the substitution r * brings us back to Eq. (48). 

The cotangential maneuver mode provides nonoptimal con- 
trol over the orientation of the major axis of the capture orbit. 
If it <s desired to rotate this line of apsides clockwise by 


The procedure of obtaining a solution to these equations is 
iterative. For a set of given values for and an assumed 
Acj, a set of and the hyperbolic and elliptical burn 
point true anomalies which would satisfy Eqs. (55-58) can 
be found. This in turn leads to r, the maneuver point radial 
distance, and hence, AK (£q. 54). A plot of A K cost for a set 
of consecutive Ao)^ choices will provide the lowest A K value 
for this maneuver mode. 


For an optimal insertion into an orbit of an arbitrary major 
axis orientation one must turn to the more general, still co- 
planar, but intersecting (i.e., nontangential burn point) man- 
euver (see Fig. 28). It provides sufficient flexibility to allow 
numerical optimization of AK with respect to apsidal rotation, 


A more appropriate way to define apsidal orientation is to 
measure the post-maneuver capture orbit periapse position 
angle with respect to a fixed direction, e.g., a far encounter 
point on the incoming asymptote, -V^, thus defining a cap- 
ture orbit periapse range an^e 
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»oo 

ASYMPTOTE 


APPROACH 
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NOTE: 
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VARY:r^>r^>0, 
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OPTIMAL BURN AV 
REQUIRESr^>rp. 


Fig. 28. Coiptlclal and intartaeting captura orbit iniartion gaomatriat 

where 


Acj_ = Aw„ + 

oo n 09 


= AcJ. 


+ arc cos / — — 

f r 

li+^ 

\ ^ 


(59) 


Taken from Ref. 9, the expression for the intersecting burn 
AFis: 


Q - I yr^Xr^Xr^^ l2,^ + 'c>t + 

y[2Pp(r-r^^)+ {r-r^Or^ -r) 


(60) 


r ^ planet-centered radius at burn, > r > , 

km 

r and fp ■ apoapse and periapse radii of capture ellipse 
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^CA “ closest approach radius of flyby hyperbola 

6 = flag: 6 = +1 if injection occurs on same leg 
(inbound or outbound) of both hy-perbola 
and capture ellipse, 6 = -1 if not. 


It should be pointed out that £q. (57) and (58) still apply 
in the intersecting insertion case, while Eq. (56) does not 
(as it assumes orbit tangency at bum point). 


The evaluation of intersecting orbit insertion is more 
straightforward than it was for the cotangential case. By 
assuming and orbit size (e.g., - 6 km/s,fp = 3 RS,P* 

160 days, a typical capture orbit) and stepping through a 
set of values for the capture orbit burn point true anomaly, 
one obtains, using Eqs. (57-60), a family of curves, one for 
each value of the hyperbolic closest approach distance. 
As shown in Fig. 29, the envelope of these curves provides the 
optimal insertion bum AK for any value of apsidal rotation 
Acj^ desired. The plot also shows clearly that cotangential and 
apsidal insertion bums are energetically inferior to burns on 
the envelope locus. For the same assumed capture orbit, a 
family of optimal insertion envelopes, for a range of values 
of arrival is presented in Fig. 30. 

The location of periapse with respect to the subsolar point 
is of extreme importance to many mission objectives. It can be 
controlled by choice of departure and arrival dates, by AK 
expenditure at capture orbit insertion, by an aerodynamic 
maneuver during aerobraking, by depending on the planet’s 
motion around the Sun to move the subsolar point in a manner 
optimizing orbital science, or by using natural perturbations 
and making a judicious choice of orbit size, equatorial inclina- 
tion, /, and initial argument of periapsis, such as to cause 
regression of the node, 12, and the advance of periapsis, cu, 
both due to oblateness to move the orbit in a desired manner 
or at a specific rate. Maintenance of Sun-synchronism could 
provide constant lighting phase angle at periapse, etc., by some 
or all of these techniques. For an elliptical capture orbit 
(Fig. 31) 


where 


n 



, mean orbital motion, rad/s 


(63) 


A P 

a = — ^ — , semi-major axis of ellipitical orbit, km (64) 

2r. Tp 

p = — - — , semi-latus rectum of elliptical orbit, km (65) 

= Saturn’s equatorial surface radius, km 

= Saturn’s oblateness coefficient (for values see 
Section V on constants). 

For the example orbit (3 X 186.S RS) used in Figs. 28 
and 29, if near equatorial, the regression of the node and 
advance of periapse, computed using Eqs. (61-65), would 
amount to a negligible -0.58 and -M. 15 de^year, respectively. 
For contrast, for a grazing (a = 60,330 km) low-ir.clination, 
near-circular orbit, the regression of the node would race along 
at -50.8 deg/day, while periapse would advance at 101.7 deg/ 
day; i.e., it wouJd take 3.54 days for the line of apsides to do 
a complete turn. 

It should be noted that ■ 0 occurs for / ® 90 deg, while 
w ® 0 is found for i - 63.435 deg. Sun-synchronism of Jie 
node is achieved by retrograde polar orbits, e.g., 3 RS cir- 
cular orbit should be inclined 91 .76 deg. 

3. Entry probe and lander trajectory design. Entry tra- 
jectory design is on one hand concerned with maintenance of 
acceptable probe entry angles and low relative velocity with 
respect to the rotating atmosphere. On the other hand, th > 
geometric relationship of entry point, subsolar point and 
Earth (or relay spacecrait) is of paramount importance. 

Lighting during entry and descent is often considered the 
primary problem to be resolved. As detailed in the flyby and 
orbital sections above, the choice of trip time affects flie value 
of the ZAPS angle which in turn moves the entry point for 
longer missions closer to the subsolar point and even beyond, 
towards the morning terminator. 


• - "i ^ \ ^'^‘1 IRQ 

f2 “ — I X cos/X deg/s (61) 

(2-(5/2)sin* OX deg/s 
z p2 ir 

(62) 


Landers or balloons, regardless of deceleration mode, 
prefer the morning terminator entry point which provides a 
better chance for vapor-humidity experiments, and allows a 
longer daylight interval for operations following arrival. 

The radio-link problem, allowing data flow directly to 
Earth, or via another spacecraft in a relay role, is veiy complex. 
It could require studies of the Earth phase angle at the entry 
locations or alternately, it could require detailed parametric 
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Fig. 31. General satellite orbit parameters and precessional 
motion due to oblateness coefficient (from Ref. 9) 


A different choice of strategy could be to follow a contour 
line of some characteristic, such as DLA or ZAP, One could 
also follow the minimum value locus of a parameter, e.g., 
C 3 I (i.e., the boundary between Class 1 and 2 within Type I 
or 10 for each launch date, throughout the launch space. 

Fundamentally different is a launch strategy for a dual or 
multiple spacecraft mission, involving more than one launch, 
either of v/hich may possibly pursue divergent objectives. As 
an example, Fig. 32 shows the Voyagers 1 and 2 launch str'^t- 
egy, plotted on an Earth departure vs Saturn arrival date pic . . 
A 14-day pad turnaround separation between launches was 
to be maintained, a 10 -day opportunity was to be available 
for each lauich, and the two spacecraft had substantially 
different objectives at Jupiter and Satum-one was to be 
lo-intensive and a close Jupiter flyby, to be followed by a 
close Titan encounter at Saturn, and the other was Ganymede- 
and/or Callisto-mtensive, a distant Jupiter flyby, as a safety 
precaution against Jovian radiation damage, aimed to continue 
past Saturn to Uran.us and Neptune. Here, even the spacecraft 
departure order was reversed by the strategy within the 
launch space. 

Launch strategies for orbital departures from a space station 
in a specific orbit promise to introduce new dimensions into 
mission planning and design. New concepts are beginning to 
emerge on this subject e.g., Refs. 10 and 11 . 


studies involving relative motions of probe and 'day spacecraft 
throughout probe entry and its following slow descent. 

Balloon missions could also involve consideration of a 
variety of wind drift models, and thus, are even more complex 
as far as the communications problem with the Earth or the 
spacecraft is concerned. 

E. Launch Strategy Conetruction 

The constraints and desires, briefly discussed above, may be 
displayed on the mission space iaunch/arrival day plot as 
being limited by the contour boundaries of the dates, 
DLA, VHP, ZAP, etc., thus displaying the allowable launch 
space. 

Within this launch space a preferred day-by-day launch 
strategy must be specified, in accordance with prevailing 
objectives. The simplest launch strategy, often used to maintain 
a constant arrival date at the target planet, results in daily 
launch points on a horizontal line from leftmost to rightmost 
maximum allowable C^L boundary for that ak:ival date. 
Such a strategy makes use of the tact that most arrival charac- 
teristics may stay nearly constant across the launch space. 
Lighting and satellite positions in this case are flxed, thus 
allowing a similar encounter, satellite G/A, or satellite tour. 
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IV. Description of Trajectory Characteristics 
Data 

A. OeMral 

The data represent trajectory performance information 
plotted in the departure date vs arrival date space, thus defin- 
ing all possible direct ballistic transfer trajectories between the 
two bodies within the time span considered for each oppor- 
tunity. Twelve individual pajamsten are contour-plotted. The 
first, CjL, is plotted bold on a Time of Fli^t (TFL) back- 
ground; the remaining ten variables are plotted with bold con- 
touring on a faint C^L background. Eleven plots are presented 
for each of twenty-one mission opportunities between 1984 
and :0v5. 

The individual plots are labeled in the upper outer comer 
by bold l(%os displaying an acronym of the variable plotted, 
the mission’s departure year, and a symbol of the target plinet. 
These permit a quick and fail-safe location of desired informa- 
tion. 

B. Dsfinitton of Dapartur* VirlablM 

Cji; Earth departure energy (km*/s*); same as the 
square of departure hyperbolic excess velocity 
Vl, = CjL = f'* - 2 itg/Ri, where 

Vj = conic injection velocity (km/s). 

Rj = Rg + hj, injection radius (km), sum of 
surface radius injection 

altitude hj, where refers to 

Earth’s surface radius. (For ’-alue, see 
Section V on constants.) 

^ = gravitations’ constant times mass cf the 
launch body (for values, refer to Section V 
on constants). 

must be equal to or exceeded by the launch 
vehicle capabilities. 

DLA: geocentric declination (vs mean Earth equator 

of 19S0.0) of the departure vector. May im- 
pose laun^ constraints (de^. 

RLA: geocentric right ascension (vs mean Earth 

equator and equinox of 19S0.0) of the departure 
vector. Can be used with C^L and DLA to 
compute a heliocentric initial state for trajectory 
analysis (deg). 

ZALS: Angle between departure K. vector and Sun-Earth 
vector. Equivalent to Earth-probe-Sun angle several 
days out (de^. 

C. DeflnWon of Arrtvaf Vii U bitt 


vector obtained by vectorial subtraction of the 
heliocentric planetary orbital velocity from the 
spacecraft arrival heliocentric velocity. It repre- 
sents planet-relative velocity at great distance from 
target planet, at beginning of far encounter. Car, 
be used to compute spacecraft velocity at any 
poirit r of Syby, including CjA (periapse) dis- 
t mcefp: 

J Vi* .km/s 

where 

‘V>(S! 4 rwuv*’ gravitational parameter GM of 
SYSTEM) the arrival planet system - 
Saturn plus all satellites. (For 
values, refer to Section V on 
constants.) 

DAP: planetocentric declination (-/s mean planet 

equator of date) of arrival vector. Defines 
lowest possible flyby/orbitsr equatorial inclination 
(deg). 

RAP: planetocentric right ascension (vs mean 

planet equator and equinox of date, i.e., RAP is 
measured in the planet equator plane from ascend- 
ing node of the planet’s mean orbit plane on the 
planetary equator, both of date). Can be used 
togeti.er with VHP and DAP to compute an 
initial flyby trajectory state, but requires R-plane 
aim point information, e.g., B and 9 (d^. 

ZAPS: Angle between arrival K. vector and the arrival 
p!anet-to-Sun vector. Equivalent to planet-probe- 
Sun angle at far encounter; for subsolar impact 
would be equal to 180 deg. Can be used with 
ETSP, VHP, DAP, and 9 to determine solar phase 
angle at periapse, entry, etc. (deg). 

ZAPE: Angle between arrival F. vector and the planet-to- 
Earth vector. Equivalent to planet-probe-Earth 
angle at far encounter (de^. 

ETSP: Angle in arrival .R-plane, measured from 7-axis* , 
clockwise to projection of Sun-to-planet vector. 
Equivalent to solar occultation region centerline 
directioi inR-plane(deg). 

ETEP: An^e in trrlval R-plane, measured from 7-axis*, 
clockwise, to projection of Earth-to- planet vector. 
Equival-.-rit to Earth occultation region centerline 
direction in R-plane (deg). 


n 


VHP. planetocentric arrival hyperbolic excess *etsp and ETCJ> plots are band on r-axk defined ubeb«panllel to 

velocity or F-inflnity (km/s), the magnitude of the ecl^tk plane (aee text for explanation). 
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V. Table cf Constants 

Constants used to generate the information presented are 
summarized in this section. 

A. Sun 

GM = 132,712,439,935. km’/s* 

Surface ~ ^96,000. km 

B. Earth/Moon Syste.n 

^^SYSTEU = 403,503.253 km^s* 

^**EARTH “ 398,600.448 073 km’/s* 

* 0.00108263 

Dearth = «78.140 km 

SURFACE 

C. Saturn System 

GMgysTEM “ 37,940,536.0 km’/s* 

/j = 0.0164742 

Direction of the Saturnian planetary equatorial north pole 
(in Earth Mean Equator of 1950.0 coordinates): 

oc^ = 38.314 deg, 6^ = 83.328 deg 



GMt 

km^/s^ 

Surface 

Radius, 

km 

fill 

Period.!*) 

days 

Sstum 

(Alone) 

37 931 140. 

60,330 

- 

0.4440278(**) 

Rings 

(DtoA) 

? 

- 

67,000-136,600 

0.2044).596 

Mimas 


196 

185,540 

0.94242 

Enceltdus 

2. ±3. 

250 

238,040 

1.3702 

Tethys 

44. ± 6. 

530 

294,670 

1.8878 

Dione 

77.(?) 

560 

377,420 

2.7369 

Rhea 

173. 1 10. 

765 

527,100 

4.5175 

Titan 

8978.1 ± 0.5 

2575 

1,221,860 

15.945 

Hyperion 

l.(?) 

205 X 130 

1,481,000 

22-77 

lapetus 

117. ± 10. 

730 

3,560,800 

79.331 

Phoebe 

l.(?) 

110 

12,954,000 

550.45 


(•) From Ref, 12 

For Radio (System III) Saturn rotation rate. 


D. Sources 

The constants represent the DE-llS planetary ephemeris 
(1981) and the Voyager-2 Saturn encounter trajectory recon- 
struction data (1981) (Refs. 12 and 13). Data for the new 
small satellites of Saturn can also be found in Ref. 12. Defini- 
tion of the Earth’s equator (EME50.0) is consistent with 
Ref. 14, but would require minor adjustments for the new 
equator and equinox, epoch of J2(XX).0. 
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fiRRIVPL DOTE 


ORIGINAL PAGE 19 
OF POOR QUALITY 


3 . 

RLA 

b 

1986/7 


EARTH - SATURN 1986/7 , C3L , RLA 

» BALLISTIC transfer TRAJECTORY 

3 3$ g S 


200 . 



LAUNCH DATE 


46790.5 46815.5 46840.5 46865.5 

LAUNCH JD-2400000.0 


46890.5 


' 50545.5 

' 50345.5 

' 50145.5 

' 49945.5 

' 49745.5 

49545.5 

' 49345.5 

' 49145.5 

' 46945.5 

' 48745.5 

' 48545.5 

' 48345.5 

' 46145.5 

- 47945.5 

' 47745.5 

' 47545.5 


arrival JD-2400000.0 



PRRIVPL DPTE 


ORtGfNAL PAGE (S 
OF POOR QUALny 


ERRTH - SRTURN 1986/7 . C3L . ZflLS 

* BPLLISTIC TRPNSFER TRPJECTQRY 

S 3 S s; 3 


4 . 

ZALS 

b 

1986/7 


97 / 04/07 


96 / 09 / 


96 / 03/03 


95 / 08 / 


95 / 01/28 


94 / 07/ 12 


93 / 12/24 


93 / 06/07 



200 . 


lao. 


220 . 


50545.5 

50345.5 

50145.5 

49945.5 

49745.5 

49545.5 

( 

49345.5 
49145.5 ' 

46945.5 

48745.5 

46545.5 

46345.5 

46145.5 

47945.5 

47745.5 

47545.5 


46815.5 46640.5 46865.5 

LAUNCH JD-2400000.0 


46890.5 


PRRIVPL J0-24( 


ORIGINAL PAGE IS 
OF POOR QUALITY 



46790.5 


46815.5 46840.5 46865.5 

LAUNCH JD-2400000.0 


46890.5 


RRRIVPL JD-2400000.0 



ARRIVAL DATE 


ORIGINAL PAGt Ji, 
OF POOR QUALITY 


EARTH - SATURN 1986/7 , C3L , DAP 

* chLliH'TIC IRHi-iSrEP TKHjECTOKy 

8 S S 8 8 


6 . 

DAP 

b 

1986/7 


97 / 04/07 


200 . 



09 / 01/19 


3 8 81 

s G & 

LAUNCH DATE 


50545.5 

90345.5 

50145.5 

49945.5 
•49745.5 
•49545.5 
•49345.5 

49145.5 
1-46945.5 

46745.5 
•46545.5 
•46345.5 
-46145.5 

47945.5 
1-47745.5 

47545.5 


46790.5 


46615.5 46840 . 5 46665 . 5 

LAUNCH JO-2400000.0 


46690.5 


67 


ARRIVAL JD-2400b00.0 



ARRIVAL DATE 


ORIGINAL PAQI IS 
DE POOR QUALITY 


7 . 


RAP 

b 

1986/7 EARTH - SATURN 1986/7 , C3L , RAP 



■ 50545.5 

■ 50345.5 

■ 50145.5 

■ 49945.5 

■ 49745.5 

■ 49545.5 

■ 49345.5 

■ 49145.5 

■ 40945.5 

■ 40745.5 

■ 40545.5 

■ 40345.5 

■ 40145.5 

■ 47945.5 

■ 47745.5 

- 47545.5 


.ARRIVAL JO-2400000.0 


ftRRlVPL DATE 




ERRTH - SATURN 1986/7 . C3L , ZAPS 

» bbllistic transfer trajectory 

8 3 $ 88 


a 

ZAPS 

b 

1986/7 



50545.5 
■50345.5 
•50U5.5 

49945.5 
h 49745. 5 

49545.5 

< 

1-49345.5 < 


49145.5 

t 

o 

46745.5^ 

a 


48545.5 

48345.5 

48145.5 

47945.5 

47745.5 

47545.5 



PRRIVM- JO-2400000.0 


RRRIVfiL DPTE 


ORIGINAL PAGE IS 
OF POOR QUALITY 


EARTH - SATURN 1986/7 . C3L . ETSP 

* eHLL[:.T[r TPhN;FEP TRhJEC Tijt'y 


EK 

198 < 


200 . 



823 

8 8 8 

& & S3 

LAUNCH DATE 


-50545-9 

-50345.5 

50145.5 

49945.5 
1-49745.5 

49545.5 

< 

49345.5 J 
( 

49145.9 

48949.9 

48749.9 

48549.5 

48345.5 

48145.5 

47949.9 

47749.9 

47545.5 


46790.5 46815.5 16840.5 46865.5 

LAUNCH JO-2400000.0 


46890.5 


ARRIVAL JO-241 


flRRIVf»L OfiTE 


11 



ORIGINAL RAGt H 
OC POOR ^AUr/ 

EPRTH - SPTURN 1986/7 , C3L , ETEP 

» BRLLISTIC TRPNSFER TRAJECTORY 


97/04/C*’ 
96/09/19 
96/03/03 
96/08/ Id 
96/01/26 
94/07/12 
93/12/24 
93/Cd/07 
92/11/19 
92/06/03 
91/10/16 
91/03/30 
90/09/11 
90/02/23 
69/06/07 
69/01/19 



!Sooo88888 

LAUNCH DATE 

46790.5 46615.5 46640.5 46065.5 

LAUNCH JD'2400000.0 


A 8 

'** ^ 

8 8 

& & 


46690.5 


r50545.5 
•50345.5 
•50145. 5 
•49945.5 
•49745.5 
•49545.5 
•49345.5 
•49145.5 
•46945.5 
•48745.5 
•48545.5 
•48345.5 
•48145.5 
•47945.5 
•47745.5 
•47545.5 


n 


ARRIVAL JO-2400000.0 



ORIGINAU PAGE U> 
OF POOR QUALITY 


Earth to Saturn 


19S8 


Opportunity 


ENERGY MINIMA 


DEPARTURE ARRIVAL 

VALUE TYPE (YEAR/MONTH/DAY) (YEAR/MONTH/DAY) 


C 3 L 

113.923 

1 

88 / 02/21 

92/07/10 

C 3 L 

120.593 

2 

88/06/12 

04/04/04 

VHP 

5.4228 

1 

88/03/16 

94/06/13 

VHP 

5.3853 

2 

88 / 02/11 

94/07/01 



PRRIVflL DOTE 


owaNAi. PR^ 

Of POOR QUWJ” 


1 . 

C3L 

b 

1988 


i 


EARTH - SATURN 1988 . C3L . TFL 

^ BALLISTIC TRANSFER TRAJECTORY 


90/G4/22 
rr/ 10/04 
97/03/ la 
96/0a/30 
96/02/ 12 
95/07/27 
95/01/06 


95/12/04 

93/05/16 

92/10/30 

92/04/13 

91/09/26 

91/03/10 

90/06/22 

90/02/03 


S 

o 

8 



LRUNCH OfiTE 

il716^5 47190.5 ’ 47215.5 ^ 47240.5 47265.5 

LfiUNCH JD-2400000.0 


rS0925.5 

•50725.5 

-50525.5 

-50325.5 

-50125.5 

-49925.5 

-49725,5 

-49525.5 

-49325.5 

-49125.5 

-48925.5 

•46725.5 

-46525.5 

-46325.5 

-48125.5 

•47925.5 


74 


fIRRIVflL JO-2400000.0 




ORRIVfiL DOTE 



ARRIVAL DftTE 


ORIGINAL HAGL IS 
OF. POOR QUALITY 


3 . 

RLA 

b 

1988 


ERRiH - SRTURN 1988 , C3L , RLfi 

* BALLISTIC TRANSFER TRAJECTORY 

8 8 


91/03/10 

9omuz 

VO/02/03 



220 . 


r50925.5 
50725.5 
•50525.5 
•30325.5 
•50125.5 
•49925.5 
•49725.5 
-49525.5 
-49325.5 
•49125.5 
•48925.5 
■46725.5 
•46525.5 
48325.5 
■46125.5 
■47926.5 


47165.5 


S 8 S 

LAUNCH DATE 

47190.5 47215.5 47240.5 

LAUNCW JD-2400000.0 


47265.5 


74 


ARRIVAL JD--2400000.0 


ORRIVflL OfiTE 



RRRIVflL DATE 


OWQINA*- PA® J5 

OF POOR QUALITY 


5 . 

VHP 

b 

1S88 


98 / 04/22 


97 / 10/04 


97 / 03/18 


96 / 08/30 


EPRTH - SPTURN 1988 . C3L 

BALLISTIC TRANSFER TRAJECTORY 

i 




220 . 


91 / 03/10 

9Qmi22 

90 / 02/03 


r50925.f 

•50725.5 

■50525.5 

■50325.5 

■50125.5 

•49925.5 

-49725.5 

-49525.5 

-49325.5 

-49125.5 

-48925.5 

-46725.5 

■48525.5 

•46325.5 

-48125.5 

-47925.5 


o 

8 


o 

8 


47165.5 


3 2^8 

S 8 8 S i 3 

8 8 8 8 8 8 

LAUNCH DATE 

471W.5 ^ 47215.5 47240.5 

LAUNCH JD-2400000.0 


o 

8 


47265.5 


78 


ARRIVAL JD-2400000.0 


fWRIVPL DATE 


pE POQ** QUALITY 


EPRTH - SRTURN 1988 , C3L . DRP 


^ BALLISTIC TPANSFlh TRhJECTuhY 

^ i i i ii 


W/04/22 
97ii0m 
97/03/ la 
96/06/ JO 
96/02/12 
V5/07/27 
99/01/06 
94/06/22 
93/12/04 
93/05/16 
92/10/30 
92/04/13 
91/09/26 
91/03/10 
WObiZZ 
90/02/03 



220. 


6*&R32S8SS82 

SSS88888888 

8i8888888S8 

LAUNCH DATE 

47165.5 47190.5 47215.5 47240.5 47265.5 

LAUNCH JO-2400000.0 


6. 


DAP 

b 


1968 


r90925.5 

>90725.5 

>90525.5 


>90325.5 

>90125.5 

>49V29.5 

( 

>49729.5* 


!> 49929.5 
!> 49325.5^ 

i 

!> 49129.5 = 


>40925.9 

>40729.9 

>40529.9 


>40325.5 

>40129.9 

>47925.5 


79 



ARRIVAL DATE 


OWCHNAt PAQf ® 
OF POOR QUAtnY 


»8 


ERRTH - SPTURN 1988 , C3L . RPP 

« BALLISTIC TRANSFER TRAJECTORY 

8 « 

V,' 



220 . 


>90929.9 
>90729.9 
>90929.9 
>90329.9 
'90129.9 
•49929.9 

( 

>49729.9 1 

i 
i 

>49929.9 W 

>49329.9 
>49129.9 
>40929.9 
■>40729.9 
>40929.9 
>40329.9 
>40129.9 
>47929.9 


S 8 

§88 

•«» ^ 

8 S 8 

LAUNCH DATE 

47165T5 47190.5 47219.5 47240.5 

LAUNCH JO-2400000.0 


47205.5 


ARRIVAL JO-Z 



ARRIVAL DATE 


■1 


I 


OF POOR QUALITY 


EPRTH - SPTURN 1988 . C3L 

n BALLISTIC TRANSFER TRAJECTORY 

8 si 


§ 

<M 


. ZPPS 

i 8S 



8 . 

ZAPS 

b 

1988 


50925.5 

50725.5 

50525.5 

50325.5 

50125.5 

49925.5 


49725.5 8 

O 


8 

(V 
I 

o 

49325.5*^ 


49525.5 J* 

I 

O 


a 

49125.5 — 
QC 
CL 

a 

46925.5 


46725.5 

46525.5 

46325.5 

46125.5 

47925.5 


47 I 65 I 5 471W.5 47215.5 47240.5 

LAUNCH JD-2400000.0 


47265.5 


•1 


I • .. 




ORIGINAL PAGE IS 
OF POOR QUALITY 


9 . 

ZAPE 

h 

1988 EARTH - SATURN 1988 , C3L , ZAPE 

» BALLISTIC TRANSFER TRAJECTORY 



47 iSTs 47190.5 47215.5 47240.5 ^ 47265 . 5 

LAUNCH JO-2400000.0 


r90925.5 

•50725.5 

•50525.5 

•50325.5 

•50125.5 

•49925.5 

■49725.5 

-49525.5 

•49325.5 

•49125.5 

•46925.5 

•46725.5 

•46525.5 

•46325.5 

•46125.5 

■47925.5 




ARRIVAL JD-2400000.0 


arrival dpte 


ORIGINAL PAGE IS 
OF POOR QUALITY 

EfiRTH - SPTURN 1988 , C3L , ETSP 

* ballistic transfer trajectory •> 


i ? S HS |8 


10 . 

ETSP 

h 

1968 



220 . 


2^8 

I I ^ 

8 8 8 

LAUNCH ITTE 


90929.9 
F90729.9 

90929.9 
>90329.9 
‘90129.9 

49929.9 

49729.9 
49929.9^ 
49329.9"’ 

i 

49129.9- 

I 
( 

40929.9 

40729.9 

40929.9 
4CT29.9 

40129.9 

47929.9 


47165.5 


47190.5 47215.5 47240.5 

LAUNCH JO-2400000.0 


47265.5 


•I 


I 


ORIGINAL PAGE 
OF rOOR QUALITY 


11 . 

ETEP 

T. 

1988 


EPRTH - SPTURN 1988 , C3L 

BPLLISTIC TRPNSFEP TRPJECTORY 

i i i 


ETEP 





220 . 


47165.5 


^LPUNCH DOTE* 

47190.5 47215.5 47240. T 

LPUNCH JD-2400000.0 


47265.5 


1 - 50925.5 

- 50725.5 

- 50525.5 

- 50325.5 

- 50125.5 

- 49925.5 

- 49725.5 

- 49525.5 

- 49325.5 

- 49125.5 

- 46925.5 

- 48725.5 

- 48525.5 

■ 48325.5 

- 48125.5 

- 47925.5 


RRRIVPL JD-2400000.0 





'-'K.urrvAL PAGE fS 

OF POOR quality 


Earth to Saturn 


1989 


Opportunity 


ENERGY MINIMA 


DEPARTURE ARRIVAL. 

VALUE TYPE (YEAR/MONTH/DAY) (YEAR/MONTH /DAY) 


C 3 L 

117.465 

1 

89/03/04 

93/05/13 

C 3 L 

11P.469 

2 

89/06/13 

04/04/13 

VHP 

5.4965 

1 

89/03/29 

95/05/20 

VHP 

5.4546 

2 

89/02/20 

95/06/19 






















1 . 

C3L 

b 

1989 


EARTH - SATURN 1989 , C3L 

» BALLISTIC TRANSFER TRAJECTORY 


ORiQINAI- r;vc - 13 
OE POOR QUALITY 

, tfl 



47545,5 


47570.5 47595.5 

LAUNCH JO-2400000.0 


47620.5 


47645.5 


1-51299.5 

-51099.5 

■50899.5 

•50699.5 

•50499.5 

•50299.5 

-50C99.5 

•49899.5 

■49699.5 

-49499.5 

•49299.5 

•49099.5 

-48899.5 

•48699.5 

•48499.5 

-48299.5 


W 


i 


ARRIVAL JO-2400000.0 




DATE 


ORIGINAL PAGE jg 
OF POOR QUALiry 


EARTH - SATURN 1989 , C3L , DLO 


99/03/01 
98/10/13 
98/03/27 
97/09/08 
97/02/20 
96/08/04 
96/C;/57 
93 07/01 
94/12/13 
94/03/27 
93/11/08 
93/04/22 
92/ 10/04 
92/03/18 
91/08/31 
91/02/12 



5SSIS8SS8333 

LPUNCH DATE 

47545.5 47570.5 47595.5 47620.5 ^ 47645.5 

LAUNCH JO-2400000.0 


2 . 


DlA 

b 



r5l299.5 


k51099.5 


H50899.5 


h50699.5 


h50499.5 


H50299.5 


50099.5 


49699.5 


-49699.5 
-49499.5 
-4V299.5 
-49099.5 
•48699.5 
-4669V, 5 


-46499.5 

-46299.5 


•7 


o'oooooye-ar ■JdAiasb 



RRRIVRL DRTE 


ORiQINAL PAGE B 
OF POOR QUALITY 



220 . 


8 2 8 

§ S 8 

8 8 8 

LRUNCH DRTE 


r51299.5 

■51099.5 

■50899.5 

■50699.5 

H50499.5 

■50299.5 

< 

■50099.5 

h 49899. 5*^ 

■49699.5 

I- 49499. 5 

•49299.5 

■49099.5 

•48899.5 

•48699.5 

•48499.5 

•48299.5 


4 5.5 47570.5 47595.5 47620.5 

LRUNCH JO-2400000,0 


47645.5 


PRRIVRL JD-24( 



flRRIVPL DOTE 


-ST-. 


■i 

: i 
' f 


“<®NAI. PME IS 
Or QOAilTV 


99 / 05/01 


EPRTH - SPTURN 1969 . C3L , ZPLS 

X BRLLISTIC TRANSFER TRAJECTORY 

i i t ! !§ 



220. 



> 


s 

S 


o 


«<• 

o 

o 

o 


<y 

o 

n 

o 


i 

1 

i 

i 

1 



o 


•«> 

o 


47545.5 


LRUNCH DfiTE 

47570.5 47595.5 47620.5 

LRUNCH JD-2400000.0 


3 

% 


4 . 

ZALS 

b 

1989 


51299.5 

51099.5 

50699.5 

50699.5 

50499.5 
502^/9.5 

50099.5 


O 

d 


49699.5 

I 

, O 

I- 49699. 5*^ 

-I 

a 

49499.5^ 

cr 

a 

49299.5 
“ 49090.5 
“46699.5 
^46699.5 
“46499.5 

46299.5 


47645.5 


i 


i 




5 . 




h 

1989 


ORIGINAL HAL- 

OE POOR QUALITY 


EPRTH - SRTURN 1989 , C3L , VHP 


* 6PLLISTIC TRANSFER TROJECTORY 


i i i s S8 

rg rg — — — 



LAUNCH DATE 

475457s 47570.5 47595.5 47620.5 47645 . 5 

LAUNCH JD-2400000.0 





r5^j99.5 

51099.5 

“50699.5 

“50699.5 

-50499.5 

“50299.5 

“50099.5 

“49699.5 

-49699.5 

■49499.5 

“49299.5 

-49099.5 

-46699.5 

“46699.5 

-46499.5 

“46299.5 


90 


i 


ARRIVAL JD-2400000.0 



PRRIVftL DfiTE 



47545.5 


47645,5 


RRRIVfiL JD>2400000.0 




PRRIVRL DOTE 


ORIGINAL PAGE 19 
OF. POOR QUALITY 


7. 

RAP 

h 

1989 EARTH - SATURN 1989 , C3L , RAP 

BPLLISTIC TRANSFER TRAJECTORY 

i i i ! 


99 / 05/01 


98 / 10/13 


96/03i21 


97 / 09/08 


97 / 02/20 


96 / 08/04 


96 / 01/17 


95 / 07/01 



220 . 


R 8 2 8 2 8 

^ *»«i, ««% 

SI 

^ ^ 

2 S 2 

LRUNCH DATE 

47545?5 47570.5 47595.5 ^ 47620 T 

LRUNCH JO- 2400000.0 


•51299.5 

•51099.5 

•50699.5 

•50699.5 

•50499.5 

•50299.5 

( 

1-50099.5 

•49699.5' 

•49699.5 

-49499.5 

•49299.5 

•49099.5 

•46699.5 

•46699.5 

1-46499.5 

•46299.5 


47645.5 


ARRIVAL J0*24i 


PRRIVRL DOTE 


ORIGINAL PAGE IS 
OF POOR QUALITY 

EPRTH - SPTURN 1989 , C3L 

« BALLISTIC TRANSFER TRAJECTORY 

J? 8 8 

<M fW « 


. ZAPS 

3 33 



s. 

ZAPS 

b 

1989 


51299.5 

51099.5 

50899.5 

50699.5 

50499.5 

50299.5 

O 

50099.5^ 

49899.5 5 
I 

O 

49699.5*^ 

49499.5 « 

oc 

9 

49299.5 

49099.5 

48899.5 

48699.5 

48499.5 

48299.5 


47545.5 


47570.5 47595.5 47620.5 

LAUNCH JD-2400000.0 


47645.5 


i 



flRRIVRL JO-2400000.0 


PRRIVfiL DPTE 


or-'gimai PAGt' ra 

OF POOR OUALITY 


n 


EfiRTH - SATURN 1989 . C3L 

K BALLISTIC TRANSFER TRAJECTORY 

si 


. ETSP 


19 


99 / 05/01 


96 / 10/13 


98 / 03/27 


93 / 04/22 


92 / 10/04 


92 / 03/16 


91 / 06/31 


91 / 02/12 


o oo 
^ «<0 



r51299.5 

-51099.5 

-50899.5 


220 - 


50699.5 


-50499.5 

-50299.5 

-50099.5 

-49899.5 

-49699.5 

-49499.5 


49299.5 


h 49099.5 


48899.5 


M8699.5 


h 48499. 5 


*-48299.5 


LRUNCH DATE 


47545.5 47570.5 47595.5 47620.5 

LAUNCH JD-2400000.0 


47645.5 


fiRRIVRL JD-2400000.0 


47545.5 


47645.5 


PRRIV«_ JD-241 



ORIGINAL PAGE IS 
OF POOR QUALITY 


Earth to Saturn 


1990 


Opportunity 


ENERGY MINIMA 


DEPARTURE ARRIVAL 

VALUE TYPE (YEAR/MONTH/DAY) (YEAR/MONTH/DAY) 


C 3 L 

120.911 

1 

90/03/17 

94/04/04 

C 3 L 

118.283 

2 

90/06/15 

04/04/22 

VHP 

5.5455 

1 

90/04/10 

96/05/13 

VHP 

5.5259 

2 

90/03/02 

96/05/30 






ORRIwfiL DfiTE 


1 . 

C3L 

h 

1990 


ORIGINAL PAGE 18 

OF POOR QUA! ITY 


EPRTH - SRTURN 19Q0 , C3L 

* BALLISTIC TRANSFER TRAJECTORY 


TFL 



47921.5 


47946.5 47971.5 47996.5 

LAUNCH JD-2400000.0 


48021.5 


■51680. S 
■51400.5 
■51280.5 
51080.5 
■50000.5 
■50600.5 
-50480.5 
■50280.5 

• r' 

■50080.5 

■49880.5 

■49600.5 

■49400.5 

■49280.5 

■49000.5 

■48000.5 

■48600.5 


98 


ARRIVAL JD-2400000.0 



PRRIVflL DPTE 




original 9A0B lA 


EARTH - SATURN 1990 , C3L , DLR 

» BfiLLISTIC TRHNSfER TRAJECTORY 


CX)/05/ 


99/i0/29 



93/04/0J 


92/09/15 


92/02/26 


200 . 


S 9 9 

LRUNCH DRTE 


2 . 

DLA 

b 

1990 


51650.5 

51480.5 

51280.5 

51080.5 

50880.5 

50680.5 

50480.5 
-50280.5 
-50080.5 
-49880.5 

49680.5 
1-49480.5 

49280.5 
M9080.5 

48880.5 
'-48680.5 


47921.5 47946.5 47971.5 47996.5 

LAUNCH JD-2400000.0 


48021.5 


ARRIVAL JO-2400000.0 



PRRIVRL DRTE 


ORiQINAL PAQB IS 
OF POOR QUALITY 


EPRTH - 


SRTURN 1990 . C3L 

BHLLi:Tii‘ TKANrhEH TkhJEl V 

i s 




soo. 


92/02/26 


•51<S80. •' 

' 91280.9 

91060.9 

90660.9 
1 - 90680.9 

90460.9 

90260.9 
1 - 90000.9 

49860.9 
- 49660.9 
- 49400.9 
- 49260.9 
- 49060.9 

46000.9 

40660.9 


47921.5 


^LAUNCH DATE* 

47946.5 47971.5 47996.5 

LAUNCH JO-2400000.0 


48021.5 


ARRIVAL JD-2400000.0 


31WQ “WAlddW 


ORIGINAL PAGE 13 
OF POOR QUALITY 


EfiRTH - SRTURN 1990 , C3L , ZfiUS 

» BALLISTIC TRANSFER TRAJECTORY 


o o 

•o •* 


s % 



LAUNCH DATE 


4 . 

ZALS 

b 

1990 


51660.5 
5U80.5 

51230.5 

51060.5 

50660.5 

50660.5 

50460.5 

50260.5 

50060.5 

49660.5 
•49660.5 
-49460.5 
-49260.5 
-49060.5 
-46660.5 

46660.5 


47921.5 


47946.5 47971.5 47996.5 

LAUNCH JD-2400000.0 


4802 *.5 


ARRIVAL JD-240DOOO.O 



ARRIVAL JD-2400000.0 


ftSRIVfiL OPTE 


ORIGINAL 

OF POOR 


PAGF ts 

Q^'^tTY 


EPRTH - SATURN 1990 , C3L , DPP 


00 / 03/ 16 
99 / 10/29 
99 / 04/12 
96 / 09/24 
98 / 03/06 
97 / 06/20 
97 / 02/01 
96 / 07/16 
95 / 12/29 
95 / 06/12 
94 / 11/24 
94 / 05/08 


93 / 10/20 
93 / 04/03 
92 / 09/15 
92 / 02/26 



200 . 


882:o = «;?;2}3 

SS5555Ss3 

sssssssgs 

LAUNCH DATE 

47921.5 47946.5 4797 47996.5 

LAUNCH JD-2400000.0 


8 2 

^ '** 

3 8 

-N. 

9 9 


48021.5 


6 . 


DAP 


h 

1990 


r51660.S 

■51480.5 

■51280.5 

■51080.5 

■50880.5 

■50680.5 

■50480.5 

■50280.5 

■50080.5 

■49880.5 

■49680.5 

■49480.5 

■49280.5 

■49080.5 

■48680.5 

■48680.5 


ARRIVAL JO-2400000.0 




fiRRIVOL JD-2400C00.0 


ARRIVAL DATE 


^fOtNAL 

^ f*oon 


paqs 


IS 


Q^ALny 


EPRTH - SPTURN 1990 , C3L , ZPPS 


BALLISTIC TRANSFER TRAJECTORY 

8 3 § ii 



4792T5 ^ 47946.5 47971.5 47996.5 4802 1 . 5 

LAUNCH JO-2400000.0 


8 . 


ZAPS 


b 

1990 


r51680.S 

-51480.5 

-51280.5 

-51080.5 


-50880.5 

-50680.5 


h50480. 


5 


O 

d 

o 

o 


s 


-50280.5 J* 

d 

-50080.5*^ 


49880.5 




-49680.5 

-49480.5 

-49280.5 

-49080.5 


-48880.5 

-48680.5 


ZAPE 

b 

1990 


ORIGINAL PAOe IS 
OE POOR QUALITY 


ERRTH - SPTURN 1990 . C3L , ZfiPE 


BfiLLlSTIC TRANSFER TRAJECTORY 


i i 



4792IT5 ^ 47946.5 47971 5 47996.5 4®02 I . 5 

LRUNCH JD-2400000.0 


r51680.5 
' 51480. S 
>51260.5 
•51060.5 
-50660.5 
-50660.5 
-50460.5 
-50280.5 
-50080.5 
-49860.5 
•49680.5 
-49460.5 
>49280.5 
-49060.5 
-46660.5 
-46660.5 


ARRIVAL JD-2400000.0 




PRRIVftL DATE 


ORIGINAL' PAGE IS 
OF POOR QUALITY 


EPRTH - SRTURN 1990 , C3L 

» ballistic transfer trajectory 

i 



10 . 

ETSP 

h 

1990 


00 / 03 / 


99 / 10/29 



200 . 


92 / 09/ 13 


92 / 02/26 


51660.5 

51460.5 

51260.5 

51060.5 

50660.5 

50680.5 

( 

1-50460.5! 


50260.5 ;« 

I 

0 

50060.5'’ 

1 

49680.5;- 

S 

49660.5 


M9460.5 


49260.5 


h 49060.5 


h 46660.5 


46660. 5 


? S $ 

LAUNCH DATE 


47921.5 *7946.5 47971.5 47996.5 

LAUNCH JO-2400000.0 


46021.5 


\ 


167 


fiRRIVRL DRTE 


11 


ORIGINAL PAGE 18 
OF POOR QUALITY 


ETEP 

b 

1990 ERRTH - SRTURN 199C . C3L 

6PLLISTIC TRANSFER TRAJECTORY 


ETEP 


00/05/16 
99/10/29 
99/04/12 
9S/09/24 
96/03/Oa 
97/06/20 
97/02/01 
96/07/16 
95/12/29 
95/06/12 
94/11/24 
94/05/06 
93/10/20 
93/04/03 
92/09/15 
92/02/26 



5 

S 

£ 

o 

^ ^ o 

— W ro ^ 



o 

o 

i 


o 

in ^ in i 

o o o o 

i 

i 

6 

s 



s 

$ s s s 

'i 

'i 
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LAUNCH DRTE 




47921.5 


47946.5 

47971.5 47996 

.5 


46021 





LAUNCH JO-2400000.0 





r5l6d0.5 

-5Ud0.5 

-51280.5 

-51080.5 

-50880.5 

-50680.5 

-50480.5 

-50280.5 

-50080.5 

-49880.5 

-49680.5 

-49480.5 

-49280.5 

-49080.5 

■48880,5 

■46680.5 


101 


ARRIVAL JD-2400000.0 




ORfOfNAL' PAOB rg 
OF POOR QUALITY 


Earth to Saturn 


1991 


Opportunity 


ENERGY MINIMA 


DEPARTURE ARRIVAL 

VALUE TYPE (YEAR/MONTH/DAY) (YEAR/MONTH/DAY) 


C 3 L 

124.074 

1 

91/03/30 

95/03/07 

C 3 L 

117.030 

2 

91/06/17 

04/05/09 

VHP 

5.6024 

1 

91/04/23 

97/04/24 

VHP 

5.5964 

2 

91/03/13 

97/05/09 


in 






















flRRIVRL DRTE 


ORIGINAL PAGE IS 
OF POOR QUALITY 


1 ERRTH - SRTURN 1991 , C3L , TFL 

BPLLISTIC TRANSFER TRAJECTORY 


01 / 05/31 
00 / 11/12 
00 / 04/26 
99 / 10/09 
99 / 03/23 
96 / 09/04 
96 / 02/16 
97 / 07/31 
97 / 01/12 
96 / 06/26 
95 / 12/09 
95 / 05/23 
94 / 11/04 
94 / 04/16 
93 / 09/30 
93 / 03/ 14 



ro 

M 

s 

(0 


3 



3 

8 

o 

?) 

o 

?) 

o 

?! 

o 

3 

3 

3 
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*>*» 




O' 

a 

O' 
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LAUNCH DATE 


48300.5 48325.5 48350.5 48375.5 

LAUNCH JD-2400000.0 


6 i 

48400.5 


rS2060.5 

>51860.5 

>51660.5 

>51460.5 

>51260.5 

>51060.5 

>50860.5 

>50660.5 

>50460.5 

>50260.5 

>50060.5 

>49860.5 

>49660.5 

>49460.5 

>49260.5 

>49060.5 


PRRIVfiL JO-2400000.0 




flRRIVfiL DRTE 





OmOtNAL PAGE 18 
OF POOR QUALITY 



200 . 


200 . 


S2060.5 
•Sld60.S 
■91660. S 
■9U60.9 
-91260.9 
-91060.9 
■90860.9 
-90660.9 
-90460.9 
1-90260.9 
■90060.9 
-49860.9 
-49660.9 
-49460.9 
-49260.9 
■49060.9 


*L«UNCH DRTE*' 


46300.5 48325.5 48350.5 48375.5 

LfiUNCH JD-2400000.0 


48400.5 
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PRRIVPL JD-2400000.0 



ftRRIVRL DRTE 


0R»6fNAL PAGE fs 
OF POOR QUALITY 


EPRTH 


- SPTURN 1991 . C3L 

BRLLISTIC TRANSFER TRAJECTORY 


, ZfiLS 


Cl/05/Jl 


OO/U/12 


00/04/26 


99/10/09 


99/03/23 


98/09/04 


98/02/16 


97/07/31 


97/01/12 


96/06/26 


95/12/09 


§ ! 


s ss 


mwMwmfmmimMx 

\WMAWAm\ 

xwMWifmi ..... 

mwmwmmM 

i«r 


mmwAwuKmm^v 



mMhWMWiwmmmmMummmmmmmm 
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■ML 

mmmMmmwmmmmmwm 

■aHWiflMMSI 




94/11/04 


94/04/18 


93/09/30 


93/03/ U 


il/mr 


Bn I VIK I 

mmm^mmamkWMwm 


4 . 

ZALS 

b 

1991 


■52060.5 


■51860.5 


■51660.5 


■51460.5 


■51260.5 


■51060.5 


■50660.5 


■50660.5 


•50460.5 


•50260.5 


■50060.5 


•49660.5 


-49660.5 


■49460.5 


■49260.5 


■49060.5 


Launch date^ 


48300.5 


48325.5 48350.5 48375.5 

LAUNCH JO-2400000.0 


48400.5 


IIS 


ARRIVAL JD-2400000.0 



flRRIVPL JD-2400000.0 


PRRIVftL DRTE 


ORIGfWAL paGE IS 
OF POOR J .iALITY 


L^IRTH - SPT'JRN 1991 , TX 

BALLISTIC TRANSFER "RA.: " / 

V 6 


Ol/OS/31 




8 


8 

3 


a 


n 

o 

n 

o 

S 

O 

3 

3 








5 


5 


5 




48300.5 


LAUNCH ORTt 

48325.5 48350.5 48375.5 

LAUNCH JD-2400000.0 


6 

s 


(M 

S 


6 . 

DAP 

h 

1991 


200 . 


200 . 


52060.5 

51860.5 

51660.5 

51460.5 

51260.5 

51060.5 

50860.5 


O 

d 


o 

0 

50660.5 

1 

o 

50460.5*^ 

50260.5^ 

a 

cr 

50060.5 


49860.5 

49660.5 

49460.5 

49260.5 

49060.5 


48400.5 


in 



ftRRIVftL DRTE 


ORfQll^l PAGE 13 
OF POOR QUALITY 


7. 

RAP 

b 

1991 


ERRTH - SATURN 1991 , C3L , RfiP 

BALLISTIC TRANSFER TRAJECTORY 



I 52060. S 
>51860.5 
-51660.5 
-51460.5 
-51260.5 
-51060.5 

« 

-50860.5 

■50660.5* 

-50460.5 

-50260.5 

-50060.5 

•49860.5 

-49660.5 

-49460.5 

-49260.5 

■49060.5 


m 


■RRRi VPL JD-241 


fiRRIVftL DRTE 


ORIGINAL* PAG£ 13 
OF POOR QUALITY 


EfiRTH - SPTURN 1991 , C3L , ZPPS 

‘ BALLISTIC TRANSFER TRAJECTORY 


ZAPS 

}> 

1991 



r52060.5 


k5ie60.5 


H51660.5 


•51460.5 

•51260.5 


h51060.5 


h50860.5 8 

O 

0 

h 50660. 

1 

o 

50460 . 5 "^ 

-J 

a 

50260.5^ 

Ct 

a 

a 

fW)060,5 


“49660.5 

“49660.5 

“49460.5 

“49260.5 

“49060.5 
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9 . 

ZAPE 

b 

1991 


ORIGINAL PAGli IS 
OF POOR QUALITY 

ERRTH - SRTURN 1991 . C3L 

» POLL 1ST IC transfer TRAJECTORY 


ZRPE 



200 . 


200 . 


CRUNCH DATE 


48300.5 


48325.5 48350.5 48375.5 

LAUNCH JD-2400000.0 


48400.5 


“ 52060.5 

• 51860.5 

' 51660.5 

' 51460.5 

' 51260.5 

' 51060.5 

' 50860.5 

' 50660.5 

' 50460.5 

■ 50260.5 

' 50060.5 

' 49860.5 

' 49660.5 

' 49460.5 

■ 49260.5 

• 49060.5 


118 


ARRIVAL JD-2400000.0 


ftRRIVRL DRTE 


ORIGINAL PAGE IS 
OF POOR QUALITY 


EARTH - SATURN 1991 , C3L . ETSP 

BRLLISTIC transfer TRAJECTORY 


01 / 05/31 



300 . 


200 . 


93 / 03/14 


Crunch drte 


48300.5 


48325.5 48350.5 48375.5 

LRUNCH JO-2400000.0 


48400.5 


10 . 

ETSP 

h 

1991 


r52060.5 

■51860.5 

■51660.5 

■51460.5 

■51260.5 

■51060.5 

■50860.5 

■50660.5 

■50460.5 


■50260.5 

■50060.5 

■49860.5 

■49660.5 

■49460.5 

■49260.5 

■49060.5 


lit 


RRRIVRL JD-2400000.0 



11 . 


b 

1991 


original PAGt If 
OF POOR QUALITY 

ERRTH - SPTURN 1991 , C3L 

BALLISTIC TRANSFER TRAJECTORY 

i S 



200 . 


200 . 


^Launch date 


48300.5 


48325.5 48350.5 48375.5 

LAUNCH JD-2400000.0 


48400.5 


rS2060.5 

■51860.5 

-51660.5 

■51460.5 

■51260.5 

■51060.5 

■50660.5 

■50660.5 

■50460.5 

■50260.5 

■50060.5 

■49860.5 

■49660.5 

■49460.5 

■49260.5 

■49060.5 


■ARRI..AL JD-2400000.0 




ORIGINAL RAGE ^ 
OF POOR QUALITY 


Earth to Saturn 


1992 


Opportunity 


ENERGY MINIMA 


DEPARTURE ARRIVAL 

VALUE TYPE (YEAR/MONTH/DAY) (YEAR/MONTH/DAY) 


C 3 L 

126.735 

1 

92/04/10 

96/02/19 

C 3 L 

115.685 

2 

92/06/18 

04/05/25 

VHP 

5.6537 

1 

92/05/04 

98/04/04 

VHP 

5.6627 

2 

92/03/24 

98/04/18 




JlbO lUAIddU 









RRRIVPL DRTE 


ORIGINAL PAGE 13 

Of POOR QUALITY 


ERRTH - SRTURN 1992 , C3L 

H BRLLISTIC TRANSFER TRAJECTORY 


DLR 


02/06/13 


Ol/U/27 


96/06/13 



96/06/06 


93/11/19 


93/05/03 


94/10/13 


94/03/29 


3 3 3 

^ ^ 

S! fi! 

LAUNCH uATE 


2 . 

DLA 

b 

1992 


52440.5 

52240.5 
'52040.5 
'51040.5 

51640.5 
'51440.5 
'51240.5 


'51040.5 

'50840.5 

'50640.5 

'50440.5 

'50240.5 

50040.5 
'49040.5 
'49640.5 

49440.5 


48675.5 


48700.5 48725.5 48750.5 

LAUNCH JO-2400000.0 


48775.5 


ARRIVAL JO-2400000.0 


RRRIVFIL DRTE 


ORIGINAL PAGE 13 
OF POOR QUALITY 


3 . 

RLA 

b 

1992 


EPRTH - SPTURN 1992 . C3L , RLP 

* BRLLISTIC TRANSFER TRAJECTORY 



S 3 

gj g 

LAUNCH DRTE 


48675.5 48700.5 48725.5 48750.5 

LAUNCH JD-2400000.0 


48775.5 


r52440.S 

•S2240.S 

•S2040.5 

>51840.6 

'51640.5 

-51440.5 

>51240.5 

>51040.5 

>50640.5 

>50640.5 

>50440.5 

>50240.5 

>50040.5 

>49840.5 

>49640.5 

>49440.5 


184 


ARRIVAL JD-2400000.0 



ARRIVAL OATe 


<rjr 




ORIGINAL PAGE f$ 

OF POOR QUALITY 

EPRTH - SPTURN 1992 , C3L 

» BALLISTIC TRANSFER TRAJECTORY 


ZRLS 


4 . 

ZALS 

b 

1992 


02 / 06 / 



94 / 03/29 


T I I * ■■■—9 

8 s 13 

^ ^ 

8 3 3 8 8 

$ S $ $ $ 

LAUNCH DATE 


52440.5 

52240.5 

52040.5 

51040.5 

51640.5 

51440.5 

d 

51240.5 I 

51040.5 5 
I 

O 

50640.5"’ 

50640.5 I 

50440.5 

50240.5 

50040.5 

49640.5 

49640.5 

49440.5 


48675.5 48700.5 48725.5 48750.5 

LAUNCH JD-2400000.0 


48775.5 


m 


ARRIVAL DATE 


5. 

VHP 

b 

1992 


0RIC3INAL PAQC If 
OF. POOR QUALITY 


EPRTH - SPTURN 1992 , C3L , VHP 

» BALLISTIC TRANSFER TRAJECTORY 



• 92440. ^ 
‘52240.9 
‘52040.5 
‘91940.5 
‘51640.5 
•91440.9 

« 

‘51240.5 
‘51040.5' 
‘50940.9 
■50640.5 
‘50440.5 
h 50240.5 
•90040.5 
h 49940. 5 
‘49640.9 
•49440.9 


LAUNCH DATE 


46675.5 46700,5 46725.5 46750.5 

LAUNCH JD*2400000.0 


46775.5 


m 


ARRIVAL JD-24( 


ARRIVAL DATE 





PRRIVRL DATE 


f 

t. 


4* 

\ 

\ 

I 

t 

I 


oriqinal f»A<it m 
fiE.BOOR ^Aury 


EARTH - SATURN 1992 , C3L , RAP 


BfiLLlSTIC TRANSFER TRAJECTORY 


i 2 s fi i $ 

fVl •• — — — -4 



48675!5 48700.5 ~8725.5 48750.5 48775 . 5 

U^UNCH JO-2400000.0 


rS2440.5 
>52240.5 
>52040.5 
>51840.5 
>51640.5 
>51440.5 
>51240.5 
>51040.5 
>50640.5 
>50640.5 
>50440.5 
>50240.5 
>50040.5 
>49840 5 
>496.10.5 
>49440.5 


PRPIVPL JO-241 




PRRIVflL DATE 



48675.5 


48775.5 


ARRIVAL JO-241 


PRRIVAL OPTe 


9 . 


b 

1992 


original page 13 
OF POOR QLAUTY 


EARTH - SATURN 1992 , C3L 

» BPLLISTIC TRPNSFER TRAJECTORY 


§ 

Al 


8 S 55 


ZAPE 



LPUNCH OPTE 

T- 


r92440.S 

-S2240.S 

'32040.3 

'31040.3 

'31640.3 

'31440.3 

( 

-31240.3 
'31040.3 
-30040.3 
'30640.3 
'30440.3 
'30240.3 
'30040.3 
|- 49040.3 
1-49640.3 
■49440.3 


46675.5 48700.5 48725.5 48750.5 

LPUNCH JD-2400000.0 


48775.5 


1M 


PRRIVPL JD-24( 


ARRIVAL OAT£ 







nPRIVAL OPTE 


ORIGINAL PAQI It 
OF, POOR QUALITY 


11 . 

ETEP 

b 

1992 


ERRTH - SRTURN 1992 . C3L , ETEP 

BALLISTIC TRPNSFER TROJECTORY 



3 3 3 

$ $ S 

LAUNCH DAVE 


48675.5 


48700.5 48725.5 48750.5 

LAUNCH JO-2400000.0 


48775.5 


r 52440.5 
•52240.5 
•52040.5 
•51840.5 
•51640.5 
•51440.5 
•51240.5 
•51040.5 
•50640.5 
•50640.5 
•50440.5 
•50240.5 
•50040.5 
•49640.5 
•49640.5 
•49440.5 


m 


ARRIVAL JO-2400000.0 



ORIGINAL PAGE' IS 
*)p POOR QUALITY 


Earth to Saturn 


1993 


Opportunity 


ENERGY MINIMA 


DEPARTURE ARRIVAL 

VALUE TYPE (YEAR/MONTH/DAY) (YEAR/MONTH/DAY) 


C 3 L 

128.655 

1 

93/04/24 

97/02/13 

C 3 L 

114.260 

2 

93/06/21 

04/06/19 

VHP 

5.6973 

1 

93/05/16 

99/03/14 

VHP 

5.7216 

2 

93/04/05 

99/03/28 




ARRIVAL 


ORIGINAL PAGE !f 
OF POOR QUALITY 


1 . 

C3L 

b 

1993 EARTH - SATURN 1993 , C3L , TFL 

* BALLISTIC TRANSFER TRAJECTORY 



49055.5 ' 490TO.5 49105.5 49130.5 49155.5 

LAUNCH JO-2400000.0 


- 92615.5 

- 52615.5 

- 52415.5 

- 52215.5 

- 92015.5 

- 51615.5 

- 51615.5 

- 51415 . 9 . 

- 91215.5 

- 51015.5 

- 50615.5 

- 50615.5 

- 90419.5 

- 50215.5 

- 50015.5 

- 49615.5 
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ARRIVAL J0>2400000.0 




PRRIVm. OPTC 



PPRIVPL J0>24( 



ARRIVP^ OPTE 


ORKSIKW- Wfflt » 
OF POOR QUM-'^ 


3 . 

RLA 

b 

1993 


03 / 06/25 


02 / 12/07 


02 / 05/21 


01 / 11/02 


01 / 04/16 


00 / 09/28 


00 / 03/12 


99 / 08/25 


99 / 02/06 


98 / 07/21 


98 / 01/02 


97 / 06/16 +•; 


96 / 11/28 


96 / 05/12 


95 / 10/25 


95 / 04/08 


EARTH - SATURN 1993 , C3L . RLA 

» BALLISTIC transfer TRAJECTORY 

8 R 8 si 5 

I yi/ I7-F 


lao. 



>S291t.9 

•S261S.S 

•52413.5 

(•32215.3 

•52015.5 

■51815.3 

-51615.5 

•51415.3 

-51215.3 

1-51015.5 

■50815.5 

•50615.5 

•30415.5 

-50215.5 

•50015.3 

-49815.5 


LAUNCH DATE 


49055.5 


49080.5 49105.5 49130.5 

LAUNCH JD-2400000.0 


49155.5 


1M 


ARRIVAL JD>240C 300.0 




RRRIVftL DRTE 


W'WAL i>AGE f3 
Poor QUAirry 


EARTH - SATURN 1993 , C3L . ZALS 

« BBLLISTiC transfer TRRJECtORY 


4 . 


ZALS 


b 

1993 


03/06/23 

02/12/07 

02/03/21 

Ol/U/02 

01/04/16 

00/09/26 

00/03/12 


99/02/06 

96/07/21 

96/01/02 

97/06/16 

96/11/26 

96/03/12 

93/10/23 

93/04/06 



S 

S 

•On 

a 


o 




o 


n 


8 

3 




8 


2 


8 

8 

S 


LRUNCH DPTE 




8 

8 

ro 


8 

8 

S 


8 

8 


49055.5 


49080.5 49105.5 49130.5 

LRUNCH JD-2400000.0 


49155.5 


rS2015.5 

•52615.5 

•52415.5 

•522:2.5 

•52015.5 

•51815.5 

•51615.5 

•51415.5 

•51215.5 

•51015.5 

•50615.5 

•50615.5 

•50415.5 

•50215.5 

•50015.5 

•49615.5 


1S7 


RRRIVRL JU-2400000.0 




PRRIVPM. DOTE 



RRRIVRL JD-2400000.0 


RRRIVAL DATE 


ORfGINAL PAGE IS 
OF POOR QUALITY 

EPRTH - SPTURN 1993 , C3L , DPP 

* BfiLLlSTIC TRANSFER TRAJECTORY 

8 8 ^ ^ 5 

03/06/25 
02/12/07 
02/05/21 
01 / 11/02 
01/04/16 
00/09/28 
00/03/12 
99/06/25 
99/02/06 
98/07/21 
98/01/02 
97/06/16 
96/11/28 
96/05/12 
95/10/25 
95/04/08 


% 

2 

1C 

8 

S 8 8 


8 

% 


8 

8 

8 

3 

3 3 8 

8 

8 

8 

8 

8 

8 

8 

8 

8 8 8 

8 

8 

8 

8 





LAUNCH DATE 





490M.5 


490M.5 

49105.5 

49130.5 


49155.5 





LAUNCH JO-2400000.0 







6 . 


DAP 

b 




rS2815.S 

•52615.5 

•52415.5 

•52215.5 

•52015.5 

•51815.5 


O 


51615. 

51415.5 

51215.5 

51015.5 


i 



f\l 

I 

O 

•-J 


a! 

> 


•50815.5 

•50615.5 


h50415.5 


•50215.5 

•50015.5 

•49815.5 


118 



>4 


7 . 

RAP 

b 

1993 


ORiQINAL PA61: B 
Of POOR QUALITY 


EARTH - SATURN 1993 . C3L , RAP 

»< BALLISTIC TRANSFER TRAJECTORY 

R 8 S 2 



•52919.5 

•92615.5 

52415.9 

52219.5 

52015.5 
•91919.9 
•51615.5 

51415.5 

51219.9 
•91019.5 
•50915.5. 
•50615.5 

90419.9 

90219.5 

50019.5 
••49919.9 


LAUNCH DATE 


49055.5 


49080.5 49105.5 49130.5 

LAUNCH JD-2100000.0 


49155.5 


140 


I 


ARRIVAL JD-2400000.0 


ftRRIVRL DRTE 


ORIGINAL PAGE IS 
OF POOR QUALITY 


EARTH - SATURN 1993 , C3L , ZAPS 

>» BALLISTIC TRANSFER TRAJECTORY 


8 . 

ZAPS 

h 

1993 



^LAUNCH DRTE*^ 


49055^5 49080.5 49105.5 ^ 49130.5 " 49155 . 5 

LAUNCH JO-2400000.0 


r 52615. 5 
•52615.5 
■52415.5 
-52215.5 


H52015.5 


•51615.5 

-51615.5 

•51415.5 

•51215.5 



K51015.5 






a 


H50615.5 


h50615.5 


•50415.5 

•50215.5 

■50015.5 

■49615.5 


141 


9 . 

ZAPE 

h 

1993 


ORIGINAL PAQI IS 
OF POOR QUALITY 


EARTH - SATURN 1993 , C3L 

» BALLISTIC TRANSFER TRAJECTORY 


ZAPE 



5 


5 


5 


5 




I*) 


5 






49055.5 


LAUNCH DATE 

49090.5 49105.5 ^ 49130.5 

LAUNCH JD-2400000.0 


8 


8 


49155.5 


r52615.5 

■52615.5 

-52415.5 

■52215.5 

■52015.5 

■51815.5 

■51615.5 

•51415.5 

■51215.5 

■51015.5 

■50815.5 

■50615.5 

■50415.5 

■50215.5 

■50015.5 

■49815.5 


142 


ARRIVAL JD-2400000.0 


ARRIVAL DATE 


10 . 


OR'GfMAL PAGl: T3 

OF POOR QUALITY 

EARTH - SATURN 1993 , C3L , ETSP 


ETSP 

b 




03 / 06/29 

02 / 12/07 

02 / 09/21 

01 / 11/02 

01 / 04/16 

00 / 09/26 

00 / 03/12 

99 / 06/29 

99 / 02/06 

96 / 07/21 

96 / 01/02 

97 / 06/16 

96 / 11/26 

96 / 09/12 

99 / 10/29 

99 / 04/06 



S2ICSS8SSJQ&!: 

8iS333886Si 

S5SSSSSSS5S 

LAUNCH DATE 

49055^5 49080?5 49105.5 49130.5 49155 . 5 

LAUNCH JO-2400000.0 


r 52615.5 
'52615.5 
•52415.5 
•52215.5 
•52015.5 
-51615.5 

0 

•51615.5 
•51415.5 J* 
•51215.5"’ 
•51015.5 5 

1 

•50615.5 

'50615.5 

'50415.5 

'50215.5 

•50015.5 

•49615.5 


14S 







ftRRIVPIL DATE 


ORIGINAL PAGE IS 
OF POOR QUALITY 


11 . 

ETEP 

b 

1993 



EARTH - SATURN 1993 . C3L . ETEP 

BPLLISTIC TRANSFER TRAJECTORY 

8 S % ^ $jo 

^ ^ ^ ^5 


00/03/12 


44/i/Kii»5a^ ' 


ISO. 



— i ■ " > [m^ I jA 


220. 




s 


o 


s 


8 

«Nk 

3 

s 


0 

3 

S 


R 

3 

S 


LAUNCH DATE 


8 

8 

8 


s 

8 

8 


s 


8 

i 

8 


•928iS.5 

'5261S.S 

•S241S.9 

■S221S.S 

•9201S.5 

‘9181S.9 

( 

•91619.9 ( 

\ 

•91419.5* 
1-91219.9 
•91019.9 
-90819.9 
•90619.9 
-90419.9 
•90219.9 
•90019.9 
•49819 9 


8 

5 


49055.5 49060.5 49105.5 49130.5 

LAUNCH JD-2400000.0 


49155.5 


144 


ARRIVAL JD-241 



ORfGfWAL PAUi: (y 
OF POOR QUALITY 


Earth to Saturn 


1994 


Opportunity 


ENERGY MINIMA 


DEPARTURE ARRIVAL 

VALUE TYPE (YEAR/MONTH/DAY) (YEAR/MONTH/DAY) 


C 3 L 

129.593 

1 

94/05/07 

98/02/22 

C 3 L 

112.762 

2 

94/06/24 

04/07/20 

VHP 

5.7310 

1 

94/05/28 

00/02/24 

VHP 

5.7691 

2 

94/04/19 

00/03/10 





















PRRIVAL JO-241 



ARRIVAL DATE 


ORIGINAL PAGii f8 
DF POOR QUALITY 


Z 


EPRTH - SRTURN 1994 , C3L , DLP 

H BOLL 1ST 1C TRANSFER TRAJECTORY 


DLA 

b 




04 / 07/04 

03 / 12/17 

03 / 09/31 

02 / 11/12 

02 / 04/26 

01 / 10/06 

01 / 03/22 

00 / 09/03 

00 / 02/16 

99 / 07/31 

99 / 01/12 

96 / 06/26 

97 / 12/06 

97 / 09/22 

96 / 11/03 

96 / 04/17 



3S3388888 

3S3SSSSSS 

LAUNCH DATE 

49430.5 49455.5 49460.5 49505.5 

LAUNCH JO-2400000.0 


£ K 

i i 

i 3 

49530.5 


r 93190.5 


h92990.9 


h52T90.5 


h92990.5 


'92390.5 

>92190.9 

'91990.9 

'91790.9 


F91990.9 


'51390.9 

>91190.9 


90990.9 


h 50790.9 


1-90990.9 


'90390.9 

'90190.5 
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ARRIVAL 30^2400000.0 


RRRIVRL DRTE 


mm 


mmm mm 

RP*“ 




99 / 01/12 


90 / 06/26 


97 / 12/06 



nnRiai 


WMm 

w/mm 

fjWIIBI 


jeainRaanni 

IRRRnnvi 
^RRRRHnn 

_ sriiiRsawRM 
3Kinn!anr~~‘ 
m 

wmmmmx 


m 


SlSHSlf^ 


5 ^ 

« 8 

S S 


115 . ro^lW.O 

'*• -52900.5 

•52790.5 

6C. 

•52590.5 

-52390.5 

•52190.5 

DO. 

•51990.5 

•51790.5 

•51590.5 

•51390.5 

•51190.5 

•50990.5 

•50790.5 

•50590.5 

•50390.5 

-50190.5 


RRRIVRL JO-2400000.0 




RRRIVRL DRTE 




ORIGINAL PACc li 
OF POOR QUALITY 


EARTH - SATURN 1994 . C3L 

» BALLISTIC TRANSFER TRAJECTORY 


ZALS 


4 . 

ZALS 

b 

1994 



53190.5 

52990.5 

52790.5 

52590.5 

52390.5 

52190.5 

51990.5 

51790.5 

51590.5 
>51390.5 
■51190.5 
•50990.5 
•50790.5 

50590.5 
•50390.5 
•50190.5 


I 

i 


RRRIVRL JD-2400000.0 





•ARRIVAL JD-2400000.0 


flRRIVPM. DfiTE 


ORfGfNAL PAGE is 
OF POOR QUALITY 


ERRTH - SPTURN 1994 , C3L , DRP 

^ BmLlISTIC TRhNSFEk TkPJECTijkY 


04/07/CM 

03/12/17 

03/03/31 

02 / 11/12 

02/04/26 

01/10/06 

01/03/22 

00/09/03 

00/02/16 

99/07/31 

99/01/12 

96/06/26 

97/12/06 

97/03/22 

96/11/03 

96/04/17 



ro 

o 


x; 

n 

o 


mioT 


o 

$ 

8 


8 

8 


i 

i 

8 

8 

'Nfc 

8 

i 

i 

s 

s 

s 

s 

$ 

s 

$ 


LRUNCH DRTC 


49455.5 49480.5 49505.5 

LAUNCH JD-2400000.0 


s 


49530.5 


6 . 


DAP 

b 




■53190.5 

-52990.5 

■52790.5 

02590.5 

■52390.5 

■52190.5 

■51990.5 

■51790.5 

•51590.5 


■51390.5 

■51190.5 

■50990.5 


■50790.5 

■50590.5 

■50390.5 

■50190.5 


1B1 


ARRIVAL JO-2400000.0 



ORRIVRL DftTE 


7. 




h 

1994 


ORIGINAL PAC:-’ TJ 
OF POOR QUALITY 


EARTH - SATURN 1994 , C3L 

< dhLLIiTIC TPi^NSFEh TRAJElTOkY 


RPP 





8 


8 8 S 8 

B 



8 

O 

3 

1 

3 8 8 8 

8 

8 

8 

S 


i 

s 

3 3 3 3 

3 

3 

3 





LRUNCH DATE 




49430.5 


49455.5 

494 W. 5 49505.5 


49530.5 





LAUNCH JO-2400000.0 




r53l90.5 

•52990.5 

-52790.5 

-52590.5 

-52390.5 

-52190.5 

-51990.5 

-51790.5 

-51590.5 

-51390.5 

-51190.5 

•50990.5 

•50790.5 

•50590.5 

-50390.5 

3CI90.5 


182 


PRRIVRL JO-241 


RRRIVPt. OPTE 


ORIGINAL PAGE IS 
OP POOR QUALITY 


EPRTH - SPTURN 1994 , C3L , ZPPS 

» BALLISTIC TRANSFER TRAJECTORY 


8 8 » 



49430T5 ^ 49455.5 49480.5 49505.5 49530 . 5 

LAUNCH JO-2400000.0 



1 


19 " 


1-53190.5 
-52990.5 
-52790.5 
-52*. 90.5 
-52390.5 
-52190.5 
-51990.5 
-51790.5 
-51590.5 
•51390.5 
-51190.5 
-50990.5 
•50790.5 
-50590.5 
•50390.5 
-50190.5 


i 


Its 


ARRIVAL JD-2400000.0 



fiRPlVPlL DRTE 


ORIGINAL PAGE » 
OE POOR QUALITY 


9 . 

ZAPE 

b 

1994 


EARTH - SATURN 1994 . C3L , ZAPE 

* BPLLISTiC TRANSFER TRPjECTORY 

5? S 8 


04/07/04 


03/ia/!7 


03/03/31 


02 / 11/12 



» » 0 > 
lRUNC!! ORTE 


49430.5 49455.5 494G0.5 49505.5 

LAUNCH JD-2400000.0 


49530.5 


rS3l90.5 

-52990.5 

■52790.5 

■52590.5 

■52390.5 

•52190.5 

•51990.5 

'51790.5 

■51590.5 

■51390.5 

■51190.5 

•50990.5 

•50790.5 

•50590.5 

■50390.5 

■50190.5 


1M 


ARRIVAL JD-2400000.0 


arrival dote 







ORRIVfiL JD-2400000.0 


ORIGINAL PAGE IS 
OF POOR QUALITY 


Earth to Saturn 


1995 


Opportunity 


ENERGY MINIMA 


DEPARTURE ARRIVAL 

VALUE TYPE (YEAR/MONTH/DAY) (YEAR/MONTH/DAY) 


C3L 

12Q.301 

1 

95/05/21 

99/03/20 

C3L 

111.210 

2 

95/06/28 

04/08/28 

VHP 

5.7529 

1 

95/06/09 

01/02/07 

VHP 

5.8014 

2 

95/05/03 

01/02/23 


1S7 




.qRRIVPIL DATE 


1 . 


ORIGINAL PAGE 13 
OF FDOR QUALITY 


b 

1995 


05/06/29 


04/12/11 


04/05/25 


05/11/07 


05/04/21 


02/ 10/05 


02/05/ 


0l/0d/29f 


EPRTH - SPTURN 1995 . C3L . TFL 

» BALLISTIC TRANSFER TRAJECTORY 

Hi i'iiii n i 

[2 



01 / 02 / 


97/04/12 


■53550.5 
•53350.5 
-53150.5 
■52950.5 
. -52750.5 

■52550.5 

, 1 

■52350.5 

■52150.5' 

■51950.5 

•51750.5 

■51550.5 

■51350.5 

■51150.5 

■50950.5 

■50750.5 

■50550.5 


8 8 S 

^ ^ ^ 

8 8 8 

LAUNCH DATE 


49810.5 


49835.5 498^.5 ' 49885.5 ^40910 . 5 

LAUNCH J0“24000iXr.0 


1M 


ARRIVAL JD-241 





ORRIVPL DATE 


ORIGINAL PAGE IS 
OF POOR QUALITY 


E^RTH - SATURN 1995 , C3L , DLfi 

* BPLLiSTiC TRftNSFCn TROJECTORV 

8 8 S a 2 


2. 

DLA 

b 

1995 



120 . 


200 . 


53550.5 

53350.5 

53150.5 

52950.5 

52750.5 

52550.5 

( 

1-52350.51 


52150.5 J* 

I 

o 

51950.5'^ 

51750.5 « 


51550.5 

51350.5 
5K5C.5 

50950.5 

50750.5 

50550.5 


LRUICH DATE 


49610.5 




49835.5 49660.5 49885.5 

LPUNCH JD-2400000.0 


49910.5 


in 


3 . 

RLA 

b 

1995 


ORIGINAL PAGEJS 
OE POOR QUALITY 


ERRTH - SPTURN 1995 . C3L , RLP 

^ BALLISTIC TRANSFFR TRAJECTORY 

8 S 8 



120 . 


200 . 


49610.5 49835.5 49860.5 49885.5 

LAUNCH JD-2400000.0 


49910.5 


IM 





'53550.5 

'53350.5 

'53150.5 

'52950.5 

'52750.5 

'52550.5 

'52350.5 

'52150.5 

'51950.5 

'51750.5 

'51550.5 

'51350.5 

'51150.5 

•50950.5 

'50750.5 

■50550.5 


'ARRIVAL JO-2400000.0 


RRRIVRL DRTE 


Oft/GfNAL PAGE IS 
OF POOR QUALITY 


EPRTH - SRTURN 1995 . C 3 L . ZRLS 

» BRLLISTIC TRANSFER TRAJECTORY 


mi06is9 
C4/12/11 
04/05/2S 
03/11/07 
03/04/21 
02/ 10/03 
02/03/17 


01 / 02/10 
00/07/25 
00/01/07 
99/06/21 
98/ 12/03 
98/05/17 
97/10/29 
97/04/ 12 



iiisssiii 

LAUNCH DATE 

49810,5 49635.5 49860.5 49885.5 

LAUNCH JD-2400000.0 


8 ti 

% B 

S $ 


49910.5 


ZALS 

h 

1995 


r53550.5 


K53350.5 


h53150.5 


>52950.5 

>52750,5 

>52550.5 


-52350.5 

>52150.5 


K51950.5 


h51750.5 


H51550.5 


51350.5 


h51150.5 


-50950.5 

-5T750.5 

-50550.5 


ARRIVAL JD-2400000.0 



5 . 

VHP 

b 

1995 


ORIGINAL PAGE IS 
OF POOR QUALITY 


EPRTH - SPTURN 1995 , C3L , 

BPLLISTIC TRANSFER TRRJECTORY 

is is 


VHP 


03 / 06/29 


04 / 12/11 



120 . 


200 . 


49810.5 


8 8 S 
X! C C 
LAUNCH DATE 

49835.5 ^ 49860.5 49885.5 
LAUNCH JD-2400000.0 


49910.5 


r 53550. 5 
-53350.5 
-53150.5 
-52950.5 
-52750.5 
-52550.5 
•52350.5 
-52150.5 
-51950.5 
-51750.5 
-51550.5 
-51350.5 
-51150,5 
•50950,5 
-50750.5 
-50550,5 


in 


ARRIVAL JO-2400000.0 



ARRIVAL JO-2400000.0 



7. 

RAP 

b 

1995 


original page is 
or POOR QUALITY 


EARTH - SATURN 1995 , C3L . RAP 

» bOLLISTIC TRANSFER TRAJECTORY 


OS/06/29 


04/12/11 


04/0S/2S 


200 . 



97/ 10/29 


97/04/12 


a S H 
LAUNCH DATE 


498J0.5 


49835.5 49860.5 49885.5 

LAUNCH JO-2400000.0 


49910.5 


m 


r 53550. 5 
'53350.5 
'53150.5 
'52950.5 
'52750.5 
•52550.5 
-52350.5 
'52150.5 
'51950.5 
•51750.5 
•51550.5. 
■51350.5 
•51150.5 
'50950.5 
'50750.5 
•50550.5 


PRRTVRI Jn-P400000 . 0 



PRRIVPL DPTE 


ORIGINAL PAG>C |S 
OF POOR QUALITY 


8 . 


ERRTH - SRTURN 1995 , C3L , ZAPS 

* BALLISTIC TRANSFER TRAJECTORY 



ZAPS 


b 

1995 


-53550.5 

■53350.5 

■53150.5 

•52950.5 

-52750.5 

■52550.5 

■52350.5 

■52150.5 

•51950.5 

■51750.5 

■51550.5 

■51350.5 

■51150.5 

■50950.5 

•50750.5 

■50550.5 


1 « 


ARRIVAL JD-241 


RRRIVftL DRTE 


ORIGINAL PAGE IS 
OE POOR QUALITY 


ZAPE 

b 


EfiRTH - SRTURN 1995 . C3L , ZflPE 

« BRLLISTIC TRRNSFER TRAJECTORY 



r53550.5 

-53350.5 

■53150.5 

-52950.5 

-52750.5 

-52550.5 

-52350.5 

•52150.5 

•51950.5 

•51750.5 

-51550.5 

-51350.5 

-51150.5 

-50950,5 

-50750.5 

-50550.5 


1 « 


RRRIVRL JO-2400000.0 


PRRIVAL DATE 


10. 


PASi.. , 

'’OCR QUau^ 


uty 

ERRTH - SRTURN 1995 . C3L , ETSP 

» BALLISTIC TRANSFER TRAJECTORY 

ra 

z; 


b 

19S5 



(•53550.5 

■53350.5 

•53150.5 

•52950.5 

•52750.5 

•52550.5 

•52350.5 

•52150.5 

•51950.5 

•51750.5 

•51550.5 

•51350.5 

•51150.5 

•50950.5 

•50750.5 

•50550.5 


& 

^ 

8 S S 

8 8 8 

LAUNCH DATE 

498 {o^5 49835.5 ^49860.5 49885.5 

LAUNCH JD-2400000.0 


49910.5 


197 


'»■ j 


i 


ARRIVAL JO-2400000.0 


11 . 




b 

1995 


ORIGINAL PAGE 18 
OF POOR QUALITY 


EPPTH - SRTURN 1995 , C3L . ETEP 


OS/06/29 

0A/12/U 

04/03/2S 

03/11/07 

03/04/21 

02/ 10/03 

02/03/17 

U 

a 

ooi/oe/29 

d 

^ 01 / 02/ 10 
a. 

00/07/2S 
00/01/07 
W/06/21 
96/ 12/03 
96/06/ 17 
97/10/29 
97/04/12 



8:5!382!382!8I8S! 

>^'«*%*****^«^*^’^«»»*»*>»* 

333S88888&& 

88888888888 

LAUNCH DATE 

496 10^5 49835.5 49860^5 49885.5 49910 . 5 

LAUNCH JO-2400000.0 


1 « 


r53590.5 

-53350.5 

-53150.5 

-52950.5 

•52750.5 

•52550.5 

-52350.5 

•52150.5 

-51950.5 

-51750.5 

-51550.5 

-51350.5 

-51150.5 

-50950.5 

•50750.5 

-50550.5 


ARRIVAL JO-241 


ORIGINAL PAGE IS 
OF POOR QUALITY 


Earth to Saturn 




Opportunity 


ENERGY MINIMA 


DEPARTURE ARRIVAL 

VALUE TYPE (YEAR/MONTH/OAY) (YEAR/MONTH/DAY) 


C 3 L 

127.545 

1 

96/06/03 

00/05/10 

C 3 L 

109.642 

2 

96/07/01 

04/10/05 

VHP 

5.7613 

1 

96/06/20 

02/01/28 

VHP 

5.8146 

2 

96/05/18 

02/02/16 























1 . 

C3L 

b 

1996 


ORiQINAL PAQE 19 
OP POOR QUALITY 

EPRTH - SPTURN 1996 . C3L , TFL 

n BALLISTIC TRANSFER TRAJECTORY 



I » > 


50190.5 502 i5. 5 50240.5 ' ^265.5 

LAUNCH JC-2400000.0 


50290.5 


170 

j 


r53920.5 
'53720. S 
'93920.5 
■53320.9 
'53120.5 
'52920.5 
■92720.5 
'52920.5 
'52320.5 
'52120.5 
'91920.5 
'91720.9 
'51520.5 
'51320.5 
'91120.5 
■50920.5 


ARRIVAL. JO-2400000 0 



PRRIVftL DRTE 
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fSlNAl- 

r^OOR 


DLA 

b 
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C3L 

, DLR 

1996 


BALLISTIC TRANSFER TRAJECTORY 


oeimiot 
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50190.5 50215.5 50240.5 50265.5 

LPUNCH JD-2400000.0 


50290.5 
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3. 
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h 
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LT:0!;w;i. rs 

OF POOK QUALITY 


ERRTH - SRTURN 1996 , C3L . RLR 

* BhLLISTIC transfer TwqjttiORY 


06 / 07/04 



150 . 


lao. 


230 . 


i; i 

S 1 8 

^ ^ 

8 8 8 

LPUNCH DATE 


rt:/920.5 

•53720.5 

-53520.5 

-53320.5 

■53120.5 

-52920.5 

< 

•52720.5 

•52520.5* 

•52320.5 

-52120.5 

-51920.5 

•51720.5 

•51520.5 

1-51320.5 

-51120.5 

•50920.5 


50190.5 50215.5 50240.5 50265.5 

LAUNCH JD-2400000.0 


50290.5 
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ARRIVP JD-24( 


ARRIVPH. DATE 


WfGIWAL page f$ 
Of POOR QUALITY 


EPRTH - SPTURN 1996 . C3L , ZRLS 


» BALLISTIC transfer TRAJECTORY 

§ S 8 ^ § 

06/07/04 oi - 

03/12/16 
03/03/10 
04/11/11 
04/04/23 
03/ 10/08 
03/03/22 
02/09/03 
02/02/13 
01/07/30 
01/01/U 
00/06/23 
99/12/06 
9V/03/22 
96/11/03 
96/04/17 
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160 . 


220 . 
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^ ^ fi 8 s s 

S 8 8 8 8 8 5 
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50215.5 50240.5 50265.5 

LAUNCH JO -2400000.0 
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E E 

s 


50290.5 


4 . 


ZALS 

b 




r53920.5 

-53720.5 

-53520.5 

-53320.5 

-53120.5 

-52920.5 

-52720.5 

-52520.5 

-52320.5 

-52120.5 

-51920.5 

-51720.5 

-51520.5 

-51320.5 

-51120.5 

-50920.5 
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ARRIVAL JO-2400000.0 



|flRRIVPH_ JO-2400000.0 


ARRIVAL DATE 


ORIGINAL PAGE IS 
OF POOR QUALITY 


EPRTH - SRTURN 1996 , C3L 

BALLISTIC TRANSFER TRAJECTORY 


DPP 
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ISO. 


220 . 


o 

$ 


Im s s 

$ 8 S 

^ ^ ^ 

$ $ s 

LAUNCH DATE 

' ' — t ' ' 



6. 

DAP 

b 

1996 


53920.5 

53720.5 

53520.5 

53320.5 
5312C.5 

52920.5 

52720.5 

52520.5 

52320.5 

52120.5 

51920.5 

51720.5 

51520.5 

51320.5 

51120.5 

50920.5 


5019C.5 50215.5 50240.5 50265.5 

LAUNCH JD-2400000.0 


50290.5 


m 
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7 . 


PAP 

b 


1996 EARTH - SATURN 1996 , C3L , RAP 

* BALLISTIC TRANSFER TRAJECTORY 



1-53920.5 

-53720.5 

■53520.5 

■53320.5 

-53120.5 

■52920.5 

-52720.5 

■512520.5 

■52320.5 

■52120.5 

■51920.5 

■51720.5 

•51520.5 

■51320.5 

•51120.5 

■50920.5 


17 « 


ARRIVAL JD-2400000.0 


ARRIVAL DATE 


06 / 07/04 


05 / 12/16 


05 / 05/30 


99 / 12/06 

99 / 05/22 

96 / 11/03 


ORIGINAL PAGE IS 
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EPRTH - SATURN 1996 , C3L . 

» BALLISTIC TRANSFER TRAJECTORY 

S 8 « 


ZAPS 


180 . 
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$ 


50190.5 


K 8 

^ ^ ^ ^ ^ 

8 8 8 8 E 

^ ^ ^ ^ ^ 

8 8 8 8 $ 

LAUNCH DATE 

50215.5 50Ci0.b ' 50265.5 

LAUNCH JD-240000C.Q 


8 

8 


8 

8 


8 . 

ZAPS 

b 

1996 


53920.5 
5r»20.5 

53520.5 

53320.5 

53120.5 

52920.5 

O 

52720.5^ 

52520.5 5 

52320.5*’ 

52120.5- 


51920.5 

51720.5 

51520.5 

51320.5 
5H20.5 

50920.5 


50290.5 
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ZAPE 


b 

1996 


tmiOINAU PAM B 


EfiRTH - SRTURN 1996 , C3L , ZflPE 


* BOLL I STIC TRRNSFER TRAJECTORY 
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r53920.5 

-53720.5 

-53520.5 

-53320.5 

-53120.5 

-52920.5 

•52720.5 

-52520.5 

-52320.5 

-52!20.5 

-51920.5 

-51720.5 

-51520.5 

-51320.5 

-51120.5 

-50920.5 
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b 

1996 



i; 8 
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LAUNCH DATE 


53920.5 
-53720.5 
-53520.5 

53320.5 

53120.5 
i- 52920. 5 

O 

52720.5 0 


52520.5 5 
» 

o 

52320.5*^ 

-J 

a 

52120.5- 

a 

a 

a 

51920.5 


51720.5 

51520.5 

51320.5 

51120.5 
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50290.5 
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b 

1996 


ERRTH - SRTURN 1996 . C3L , ETEP 


06/C7/04 

(»/12/16 

05/05/30 

04/11/11 

04/04/25 

03/10/06 

03/03/22 

02/09/03 

02/02/15 

01/07/30 

01 / 01/11 

00/06/25 

99/12/06 

99/05/22 

96/11/03 

96/04/17 
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100 . 
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LAUNCH JO-2400000.0 
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'53720.5 
'53520.5 
'53320.5 
'53120.5 
'52920.5 
'52720.5 
'52520.5 
'52320.5 
'52120.5 
'51920.5 
51720.5 
'51520.5 
'51320.5 
'51120.5 
'50920.5 


ARRIVAL JD-240000O.0 
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Earth to Saturn 


1997 
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ENERGY MINIMA 


DEPARTURE ARRIVAL 

VALUE TYPE (YEAR/MONTH/DAY) (YEAR/MONTH/DAY) 
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1 

97/06/18 

01/C«/27 

NODAL 

C 3 L 

113.787 

1 

97/07/16 

04/12/30 

NODAL 

C 3 L 

108.190 

2 

97/07/06 

04/11/16 


VHP 

5.7549 

1 

97/07/01 

03/01/24 


VHP 

5.8055 

2 

97/06/04 

03/02/16 
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07/07/19 


06/12/31 
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•53100.5 
■52900.5 
■52700.5 
■52500.5 
-52300.5 * 

■52100.5 
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\ 
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■51500.5 
■51300.5 
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06/12/31 
06/06/14 
05/11/26 
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04/10/22 
04/04/05 
03/09/18 
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02/01/26 
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'54100.5 
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'53300.5 

'53100.5 

'52900.5 

'52700.5 

•52500.5 

'52300.5 
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•51700.5 
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■51300.5 
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b 

1997 ERRTH - SATURN 1997 , C3L , VHP 
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- 54100.5 
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- 53300.5 
- 53100.5 
- 52900.5 
- 52700.5 
- 52500.5 
- 5 ? 300.5 
- 52100.5 
- 51900.5 
- 51700.5 
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- 51300.5 
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LAUNCH JO-2400000.0 
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53900.5 

53700.5 
■53500.5 
-53300.5 
■53100.5 


O 

d 


h52900.5;t 

I 

o 

52700. 5'^ 


52500.5^ 
oc 
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1997 
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LAUNCH JD-2400000.0 


r 54 300. 5 
•54J00.5 
'53900.5 
■53700.5 
'53500.5 
■53300.5 
■53100.5 
■52900.5 
■52700.5 
■52500.5 
■52300.5 
■52100.5 
■51900.5 
■51700.5 
■51500.5 
■51300.5 


ARRIVAL JD-240000C.0 
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EPRTH - SATURN 1997 , C3L , ZAPS 


» BALLISTIC TRANSFER TRAJECTORY 
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5056675 50591.5 50616.5 50641.5 50666 . 5 

LAUNCH JD-2400000.0 


ZAPS 

b 
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54300.5 


h54100.5 


h53900.5 


K53700.5 


-53500.5 

-53300.5 

O 

53100.5 I 
52900.5 J* 

I 

O 

52700.5^ 

, If 
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oc 

oc 

<L 
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h51900.5 


-51700.5 

-51500.5 
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BALLISTIC TRANSFER TRAJECTORY 
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50566 . 5 5059 1 . 5 50616.5 ^641.5 50666 . 5 

LAUNCH JD-2400000.0 


r 54300.5 
■54100.5 
-53900.5 
■53700.5 
■53500.5 
■53300.5 
■53100.5 
■52900.5 
■52700.5 
■52500.5 
■52300.5 
■52100.5 
•51900.5 
-51700.5 
■51500.5 
■51300.5 


ARRIVAL JD-2400000.0 


ARRIVAL DATE 
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OE.PDOR QUALITY 


EARTH - SATURN 1997 . C3L 

BALLISTIC TRANSFER TRAJECTORY 
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ETSP 

b 

1997 



54300.5 

54100.5 

53900.5 

53700.5 

53500.5 

53300.5 

C 

i-53100.5i 


52900.5 J* 

I 

a 

52700.5^ 

52500.5^ 


52300.5 

52100.5 

51900.5 

51700.5 

51500.5 
^51300.5 


50566.5 
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^ ^ ^ 
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^ 

s; s; s 

LAUNCH DATE 

50591.5 "~50616.5 50641.5 

LAUNCH JO-2400000.0 
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ORIGINAL PAGE IS 
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11 . 

ETEP 

b 

1997 


EARTH - SATURN 1997 . C3L 

BALLISTIC TRANSFER TRAJECTORY 

8 8 ^ 


07 / 07/19 



■S4300.5 

-54100.5 

-53900.5 

-53700.5 

53500.5 
-53300.5 

O 

4 

-53100.5 I 

52900.5 

52700.5 
1-52500.5 

52300.5* 

52100.5 
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•51700,5 
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-51300.5 


50566.5 


'50501.5 50616.5 50641.5 50666.5 

LAUNCH JD-2400000.0 
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Earth to Saturn 
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ENERGY MINIMA 


DEPARTURE ARRIVAL 

VALUE TYPE (YEAR/MONTH/DAY) (YEAR/MONTH/DAY) 


NODAL 

C3L 

108.580 

1 

98/07/16 

04/12/28 

NODAL 

I 

C 3 L 

106.880 

2 

98/07/11 

04/12/19 


VHP 

5.7408 

1 

98/07/11 

04/02/06 

VHP 

5.7719 

2 

98/06/23 

04/02/21 























PRRIVPL ORTE 


ORIGINAL PAGE IS 
OF POOR QUALITY 


1 . 

C3L 

b 

1998 


Oa/07/23 


08/0W0S 


EPIRTH - SATURN 1998 , C3L , TFL 

» BBLLISTIC TRflNSFER TRRJECTORV 

u s sa ! a 



50945.5 


(M o *4 

S 8 g S 
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LAUNCH DATE 
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LAUNCH JD-2400000.0 


51045.5 


r 54670. 5 
>54470.5 
-54270.5 
-54070.5 
-53870.5 
-53670.5 
-53470.5 
-53270.5 
-53070.5 
-52670.5 
-52670.5 
•52470.5 
-52270.5 
•52070.5 
•51870.5 
•51670.5 


1M 


ARRIVAL J0-2400000.a 



PRPIVPL DATE 


ORIGINAL PAGE IS 
OF POOR QUALITY 


06 / 07/23 


EfiRTH - SATURN 1996 , C3L , DLR 

» BOLLISTIC TRBNSrER trajectory 

ii a 5 


2 . 

DLA 

b 

1998 



94670.9 

94470.9 

94270.9 

94070.9 

93670.9 

93670.9 

93470.9 

93270.9 

93070.9 

92670.9 

92670.9 

92470.9 

92270.9 

92070.9 

91670.9 
91670.9 


<M O «• 

8 i & 

^ ’•fc 

f t t 

LAUNCH DATE 


50945.5 50970.5 50995.5 51020.5 

LAUNCH JO-2400000.0 


51045.5 
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RRRIVRL DfiTE 


ORIGINAL PAGE IS 
OF POOR QUALITY 


3 . 


RLA 

b 

1998 EARTH - SATURN 1998 , C3L , RLA 


Oa/07/23 
08/01/05 
07/06/19 
06/12/01 
06/05/15 
05/10/27 
05/04/10 
04/09/22 
04/03/06 
03/08/ 19 
03/01/31 
02/07/ 15 
01/12/27 
01/06/10 
00 / 11/22 
00/05/06 


BPLLI3TIC TRPNSFER TRPJEdOPY 

^8 8 S 
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LAUNCH DATE 

50945.5 50970.5 50995.5 51020.5 51045.5 

LAUNCH JD-2400000.0 


1-54670.5 

-54470.5 

-54270.5 

-54070.5 

■53870.5 

•53670.5 

•53470.5 

-53270.5 

-53070.5 

-52870.5 

-52670.5 

-52470.5 

-52270.5 

•52070.5 

•51870.5 

•51670.5 


1M 


ARRIVAL JO-2400000.0 



PRRIVRL DATE 


ORIGINAL PAGE f9 
OF POOR QUALITY 


EARTH - SATURN 1998 , C3L , ZPLS 

< BALLISTIC TRANSFER TRAJECTORY 



08 / 07/23 

08 / 01/03 

07 / 06/19 

06 / 12/01 

06 / 09/19 

09 / 10/27 

09 / 04/10 

04 / 09/22 

04 / 03/06 

03 / 00/19 

03 / 01/31 

02 / 07/19 

01 / 12/27 

01 / 06/10 

00/11/22 

00 / 09/06 


S 8 8 8 

OI ^ ^ 



t55rsfsrs!;:r5 

888886&g&88 

8888888888 $ 

LAUNCH DATE 

50945.5 50970.5 50995.5 51020.5 51045 . 5 

LAUNCH JD-2400000.0 


r5467C.5 

-54470 

• 54 ^ 70.5 

-54070.5 

-53870.5 

-53670.5 

-53470.5 

-53270.5 

-53070.5 

-52870.5 

•52670.5 

•52470.5 

•52270.5 

•52070.5 

-51870.5 

-51670.5 


ARRIVAL JD-2400000.0 





pRRIVRL JO-2400000.0 


ARRIVAL DATE 


original page is 

OF POOR QUALITY 


EPRTH - SATURN 1998 . C3L , DPP 


06/07/23 

06/01/05 

07/06/19 

06/12/01 

06/05/15 

05/10/27 

05/04/10 


04/03/0 O 
03/06/19 
03/01/31 
02/07/ 15 
01/12/27 
01/06/10 
00 / 11/22 
00/05/06 



LAUNCH DATE 

50970.5 50995.5 ^J^ic~5 

LAUNCH JO-2400000.0 


51045.5 


6 . 

DAP 


b 

1998 


r94670.5 

-54470.5 

-54270.5 

-54070.5 

-53870.5 

-53670.5 


O 


-53470.5 

-53270.5 

-53070.5 


(V 

I 

O 


52870.5 




52570.5 

-52470.5 


52270.5 


-52070.5 

-51870.5 


'•51670.5 


I 

i 

I 


i 

I 


i 





RRRIVPL JD-2400000.0 


ARRIVAL DATE 


ORIGINAL PAGE IS 
OF POOR QUALITY 


8 , 


EARTH - SATURN 1998 C3L . ZAPS 


» BALLISTIC TRANSFER TRAJECTORY 

i i » « 

Ai rtl ^ ^ 



50945 T? 50970.5 50995.5 51020.5 51045 . 5 

LAUNCH JO-2400000.0 


ZAPS 

b 




r 54670.5 
■54*70.5 
-54270.5 
■54070.5 
■5M7C.5 
■53670.5 
■53470.5 
■53270.5 
■5307Q.5 
■52870.5 
■52670.5 
■52470.5 
■52270.5 
■52070.5 
■51670.5 
■51670,5 


an 


ARRIVAL JO'2400000.0 
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ARRIVAL JO-2400000.0 


ARRIVAL DATE 


ORIGINAL' PAGE IS 
OF POOR QUALITY 


EIPRTH - SPTURN 1998 , C3L , ETSP 

* BhLLISTIC TRANSFER TRAJECTORY*) 


Oa/07/23 

oe/oi/os 

07 / 06/ 19 
06 / 12/01 
06 / 03/ 13 
05 / 10/27 
03 / 04/ 10 
04 / 09/22 
04 / 03/06 
03 / 06/ 19 
03 / 01/31 
02 / 07/13 
01/12/;? 
01 / 06/10 
00/11/22 
00 / 03/06 



160 . 


200 . 


siiiisg&is 

LAUNCH DATE 

50945.5 50970.5 50995.5 51020.5 51045.5 

LAUNCH JD-2400000.0 


8 

S 


10 . 

ETSP 

b 

1998 


'54670.9 

'54470.5 

'54270.5 

'54070.5 

'53670.9 


53670.5 


O 


'53470.5 

'93270.9 

'53070.9 


h52670.5 


d 

> 


-52670.5 

'52470.5 

■52270.5 

'52070.5 

■51670.5 

•51670.5 


201 


11. 


b 

1998 


ORIGINAL PAGE IS 
OF POOR QUALITY 


ERRTH - SPTURN 1998 , C3L 

» BfiLLlSTiC transfer TRAJECTORY 


ETEP 



50945.5 


M O «« 01 

'iifc 

s g & & 

^ ^ ^ 

9 f 9 9 

LAUNCH DATE 

50970,5 50995.5 51020.5 

LAUNCH JO-2400000.0 


51045.5 


-54670.5 

L 

h 54470. 5 

L 

-54270.5 

-54070.5 

-53670.5 

-53670.5 

-53470.5 

-53270.5 

-53070.5 

-52670.5 

-52670.5 

-52470.5 

-52270.5 

-52070.5 

-51670.5 

-51670.5 


204 


ARRIVAL JO-2400000.0 



ORIGINAL PAGE IS 
OF POOR QUALITY 


Earth to Saturn 


1999 


Opportunity 


ENERGY MINIMA 


DEPARTURE ARRIVAL 

VALUE TYPE (YEAR/MONTH/DAY) (YEAR/MONTH/DAY) 


NODAL 

C 3 L 

106.469 

1 

99/07/17 

04/12/27 

NODAL 

C 3 L 

106.473 

2 

99/07/16 

04/12/30 


VHP 

5.7079 

1 

99/07/17 

04/12/24 

VHP 

5.7049 

2 

99/07/17 

05/01/31 


XOB 




PRRIVAL DATE 


ORIGINAL PAGt Nl 
OF POOR QUALITY 


1 . 

C3L 

h 

1999 


08 / 12/30 


08 / 06/13 


ERRTH - SPTURN 1999 . C3L , TFL 

» BALLISTIC TRANSFER TRAJECTORY 

iii iU i iU 



8 S IQ 

^ ^ ^ 

& & S 

S 8 8 

LAUNCH DATE 


51325.5 


513^.5 ^ 51375.5 ' 51400.5 

LAUNCH JD-2400000.0 


51425.5 


rSS030.5 

>54930.5 

•54630.5 

•54430.5 

-.54230.5 

•54030.5 

-53030.5 

•53630.5 

•53430.5 

•53230.5 

-53030.5 

•52830.5 

-52630.5 

-52430.5 

-52230.5 

-52030.5 
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ARRIVAL JO-2400000.0 


(WRIVAL ORTE 


09icrm9 


06 / 12/30 


ORIGfNAL PAGE IS 
OC POOR QUALITY 


EPRTH - SATURN 1999 . C3L 

» BALLISTIC TRANSFER TRAJECTORY 

« . 

§ 2 ? 


DLfl 


2 . 

DLA 

b 

1999 



55030.5 

54630.5 

54630.5 

54430.5 
1 - 54230.5 

54030.5 

53630.5 
1 - 53630.5 

53430.5 
1 - 53230.5 

53030.5 
- 52630.5 
- 52630.5 

52430.5 

52230.5 

52030.5 


8 S IS 

E 5 6 

^ 

s s s 

LAUNCH DATE 


51325.5 51350.5 51375.5 5U00.5 

LAUNCH JO-2400000.0 


51425.5 


m 


ARRIVAL JO'2400000.0 



RRRIVAL DATE 


ORIGINAL PAQE JS 
OF POOR QUALITY 


3 . 




b 

1999 


EPRTH - SPTURN 1999 , C3L , RLP 

» BflLLI?.TIC TRANSFER TRAJECTORY 


09/07/ la 
05/ 12/30 
05/06/13 
07/11/26 
07/05/10 
06/10/22 
06/04/05 
05/09/17 
05/03/01 
04/05/ 13 
04/01/26 
03/07/10 
02 / 12/22 
02/06/05 
01/11/17 
01/05/01 



88i8&i&888S 

LAUNCH DATE 

51325^5 51350.5 513TO.5 51400.5 5U25 . 5 

LAUNCH JD-2400000.0 


rS9030.5 
•54830. S 
-54630.5 
-54430.5 
-54230.5 
•54030.5 
-53830.5 
-53630.5 
•53430.5 
-53230.5 
-53030.5 
-52830.5 
■52630.5 
-52430.5 
■52230.5 
-52030.5 


ARRIVAL JD-2400000.0 



PRRIVPL DfiTE 


ORIGINAL PAGE IS 
OF POOR QUALITY 


09/07 / It 
OS/ 12/30 
08/06/13 
07/11/26 
07/05/ 10 
06/10/22 
06/04/05 
05/09/ 17 
05/03/01 
04/08/13 
04/01/26 
03/07/10 
02 / 12/22 
02/06/05 
01/11/17 
01/05/01 


EPRTH - SRTURN 1999 , C3L , ZfiLS 

M BALLISTIC TRANSFER TRAJECTORY 


i i ^ 8 » 

(M ^ *-• 



LAUNCH DATE 


4 . 




b 

1999 


r55030.5 

•54630.5 

•54630.5 

•54430.5 

•54230.5 

•54030.5 

•53830.5 

•53630.5 

•53430.5 

•53230.5 

•53030.5 

•52830.5 

•52630.5 

•52430.5 

•52230.5 

•52030.5 


51325,5 


51350.5 51375.5 51400. 5 

LAUNCH JD-2400000.0 


51425. 5 


ARRIVAL JD-241 



ftRRIVRL DRTE 


ORIGINAL PAGE IS 
OF POOR QUALITY 


5 . 

VHP 

b 

1999 


ERRTH - SATURN 1999 , C3L 

^ ballistic TRANSFER 'RAJECTORY 


VHP 



S 2 

^ 

s s & 

^LRUNCH DRTE^ 


51325.5 


51350.5 51375.5 5 U00.5 

LAUNCH JD-2400000.0 


5U25.5 


r55030.5 

■54830.5 

-54630.5 

■54430.5 

■54230.5 

■54030.5 

■53830.5 

•53630.5 

■53430.5 

■53230.5 

-53030.5 

-52830.5 

■52630.5 

■52430.5 

■52230.5 

■52030.5 
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RRRIVfl). JD-2400000.0 




PIRRIVPL OPTE 




fWRIVRL DATE 


7 . 

RA 



ARRIVAL JD-2400000.0 




RRRIVftL DRTE 


ORIGINAL PAGE 18 
OF POOR QUALITY 


EPRTH - SPTURN 1999 , C3L . ZfiPS 

* SPILL I STIC TRfiNSFER TRAJECTORY 


i i i i $ 

f\j ^ ^ ^ 



5 1 32 T 5 51350.5 51375.5 51400. 5 425 . 5 

LAUNCH JD-24000''0.0 


8 . 

ZAPS 

b 

1999 


•55030.5 

'54630.5 

'54630.5 

'54430.5 

•54230.5 

'54030.5 

'53630.5 


O 

d 


•53630.5 § 

I 

O 

'53430.5 

•53230.5 5 

a 

a 

'5303C.5 


•52630.!: 

•52630.5 

•52430.5 

•52230.5 

•52030.5 


219 



i 


0R16‘-NAL PAGE W 
jW- POOR QUALITY 

b 

1999 earth - SATURN 1999 . C3L , ZAPE 


» BALLISTIC TRANSFER TRAJECTORY 

i i i i i 

a ^ ^ ^ « 



51325.5 51350.5 51375.5 51400.5 51425.5 

LAUNCH JO-2400000.0 




i. 

ts ' 


214 


r 55030. 5 
'54830.5 
•54630.5 
-54430.5 
'54230.5 
'54030.5 
'53830.5 
'53630.5 
'53430.5 
'53230.5 
'53030.5 
'52830.5 
52630.5 
'52430.5 
'52230.5 
'52030.5 


1 


ARRIVAL JO-2400000.0 


RRRIVfiL DftTE 


Of^lOlNAl pAOf I* 


EARTH - SATURN 1999 , C3L 

BOLL I STIC TRfiNSFER TRAJEC TOR'ifc, 

i it 



10 . 

ETSP 

b 

1999 


'SS030.S 

-94630.5 

-94630.5 

94430.9 

-54230.9 

-94030.9 

( 

-93630.5 $ 


1-93630.9^ 

I 

O 

93430.9^ 

a! 

53230.9 « 


53030.5 

92630.9 

52630.9 

92436.9 

92230.9 

92030.9 


51325.5 51350.5 51375.5^ 5U00.5 

LPUNCH JD-2400000.0 


51425.5 


aw 


ARRIVAL DATE 


11 . 


ORIGINAL PAGE IS 
OF POOR QUALITY 


i f 


b 

1999 


09 / 07/ 18 


08 / 12/30 


EPIRTH - SATURN 1999 , C3L 

» BfiLLISTIC TRONSFER TRRJECTORV 



180 . 


180 . 


200 . 


LAUNCH DATE 


51325.5 51350.5 51375.5 51400. 5 

LAUNCH JO-2400000.0 


51425.5 


I 


rSS030.5 

-S4S30.5 

'54630.5 

'54430.5 

'54230.5 

'54030.5 

'53630.5 

'53630,5 

'53430.5 

'53230.5 

'53030.5 

'52630.5 

'52630.5 

'52430.5 

'52230.5 

■52030.5 


216 


ARRIVAL JO-2400000.0 



ORIGINAL PagL 
OF POOR QUALITY 


Earth to Saturn 




Opportunity 


ENERGY MINIMA 


DEPARTURE ARRIVAL 

VALUE TYPE (YEAR/MOffTH/DAY) (YEAR/MONTH/DAY) 


C 3 L 

107.816 

1 

00/07/25 

05/02/22 

C 3 L 

113.222 

2 

00/07/16 

05/01/08 

VHP 

5.7258 

1 

00/08/12 

06/01/18 

VHP 

5.6856 

2 

00/07/23 

06/02/22 




ARRIVAL DATE 


ORIGINAL PAGE It 
OF POOR QUALITY 


1 . 

C3L 

b 

2000 EARTH - SATURN 2000 . C3L , TFL 

» BALLISTIC TRANSFER TRAJECTORY 



5 noTl ^ 51730.5 ' 51755.5 ^ 517W.5 ^ 51605 . 5 

LAUNCH JO-2400000.0 


•W10.5 

■3S010.S 

-S4810.S 

-34610.5 

-34410.3 

-34210.3 

-34010.5 

-53010.5 

-33610.3 

-33410.5 

-33210.3 

-33010.3 

-32010.3 

'32610.3 

'32410.5 


218 


ARRIVAL JD-2400000.0 


RRRIVRL DATE 


ORIGINAL PAGE tS 
OF POOR QUALITY 


EPRTH - SRTURN 2000 . C3L , DLfi 


* BOLL I STIC TRONSFER TROJECTORY 

i ^ ^ i i 

io/oe/02 - - 

10/01/ u 

09/06/aa 
0 ^ 1 / 12/10 
06/05/24 
07/11/06 
07/04/20 
06/10/02 
06/03/ 16 
05/00/26 
05/02/09 
04/07/24 
04/01/06 
03/06/20 
02 / 12/02 
02/05/16 



160 . 


200 . 


S8S&&BSSSSS 

88888888888 

LAUNCH DATE 

SnoT? 51730.5 51755.5 51780.5 51805.5 

LAUNCH JD-2400000.0 



rSS410.S 

“55210.5 

■55010.5 

“54810.5 

“54610.5 

“54410.5 

“54210.5 

“54010.5 

“53610.5 

“53610.5 

“53410.5 

“53210.5 

“53010.5 

“52610.5 

“52610.5 

“52410.5 


ARRIVAL JD-2400000.0 




3. 




b 

2000 


10 / 06/02 

10/01/U 

09 / 06/26 

06 / 12/10 

06 / 06/24 

07 / 11/06 

07 / 04/20 

U 

K 

Cl 

006 / 10/02 

d 

^ 06 / 03/16 

cr 

cr 

a 

06 / 06/26 
06 / 02/09 
04 / 07/24 
04 / 01/06 
03 / 06/20 
02 / 12/02 
02 / 06/ 16 


ORIGINAL RA«« f| 

OF POOR QUALITY 

EPRTH - SPTURN 2000 , C3L , RLR 

* BPLLISTIC TRANSFER TRAJECTORY 

i i ^ ^ i i 

f\i — — ^ ^ 



888&gS8S8SS 

88888888888 

LAUNCH DATE 

SnOsTs ^ 51730.5 51755.5 51780.5 51805.5 

LAUNCH JD-2400000.0 


r55410.5 

-55210.5 

-55010.5 

-54810.5 

•54610.5 

•54410.5 

•54210.5 

•54010.5 

-53810.5 

-53610.5 

-53410.5 

-53210.5 

-53010.5 

-52810.5 

•52610.5 

-52410.5 


220 


ARRIVAL JO-2400000.0 


flRRIVPL DRTE 




MfWfi 


WjP JmMJfAWmmrJ/A 

wmm wmjmmwmm/ Mlmm 
yuWMm /jmmm/£r//mmm 



WUmnm raWAyMmyMrntMt mmm)!;^ 
^a£m KW/iW!mrMr//m 


07/04/20 


06/10/02 


06/03/16 


OS/Oa/28 


OS/02/09 


warn 




yMmmjKfgm 
W/ljOvaafamMA 


WMA 


y/fm 




w/gMimr/jrnM/y/mfyAwmvJmi 


04/07/24 


mum 

wmm/maium 
wuun mim mff 
mmmwmir 


yssnMmmjL^. 

JmmMma 
ummmaax 


04/01/06 


03/06/20 


02 / 12/02 


02/00/ 16 


iwiBifjis: 


ma mmMmnmwA 
jrawicniini 

— » Eiie « ai » 


St s 

^ 

I I ^ 

8 8 8 




8 8 8 

I I ? 

8 8 8 

LRUNCH DRTE 


■ 54210. S 


•54010.5 


•53810.5 


•53610.5 


•53410.5 


•53210.5 


•53010.5 


•52810.5 


•52610.5 


•52410.5 


> 


RRRIVRL JO-2400000.0 




PRRIVPM- DATE 


5 . 

VHP 

b 




io/oe/02 


to/oi/u 


09 / 06/20 


ORIGINAL PAQC 18 
0E POOR QUALITY 


EPRTH - SPTURN 2000 , C3L 

BOLL I STIC TRANSFER TRAJECTORY 

8 8 

T" 



leo. 


200 . 


R « 8 

8 8 8 8 

^ ^ ^ ^ 

R S S 8 

LAUNCH DATE 


1-55410.5 

-55210.5 

■55010.5 

-54810.5 

-54610.5 

■54410.5 

( 

■54210.5 

-54010.5' 

■53810.5 

■53610.5 

■53410.5 

■53210.5 

■53010.5 

■52810.5 

■52610.5 

■52410.5 


51705.5 51730.5 51755.5 51780.5 

LAUNCH JD-2400000.0 


51805.5 


ARRIVAL JD-24( 


ARRIVAL DATE 


ORIGINAL PAGE IS 
OF POOR QUALITY 


ERRTH - SATURN 2000 . C3L . OOP 


10 / 08/02 

lO/Ol/U 

09 / 06/28 

08 / 12/10 

08 / 08/24 

07 / 11/06 

07 / 04/20 

06 / 10/02 

06 / 03/16 

08 / 08/28 

08 / 02/09 

04 / 07/24 

04 / 01/06 

03 / 06/20 

02 / 12/02 

02 / 08/16 



2 8 « 

III 

8 8 8 

SnoTs 51730 


S 8 8 8 

8 8 8 8 

"»s 

8 8 8 8 

LAUNCH DATE 


5 51755 5 

LAUNCH JD-2i00000. 


2 8 8 2 

8 8 8 8 

^ ^ 

8 8 8 8 

51780.5 51805.5 


6 . 


DAP 


b 

2000 


r55410.5 

*55210.5 

•55010.5 

■54010.5 

■54610.5 

■54410.5 

■54210.5 

■54010.5 

■53810.5 

■53610.5 

■53410.5 

•53210.5 

■53010.5 

■52810.5 

■52610.5 

-52410.5 


m 


ARRIVAL JD-2400000.0 


PRRIVfiL DOTE 


7. 

RAP 

b 

2000 




or POOR 

EfiRTH - SATURN 200C . C3L 

» BALLISTIC TRANSFER TRAJECTORY 


RRP 



-55410.5 

■55210.5 

-55010.5 

■54810.5 

-54610.5 

■54410.5 

< 

■54210.5 

■54010.5 ‘ 

-53810.5 

h53610.5 

-53410.5 

■53210.5 

■53010.5 

-52810.5 

-52610.5 

■52410.5 


m 


ARRIVAL JD-24( 


ARRIVAL DATE 



: 9 . 

iZAPE 

b 

2000 


ORIGINAL PAGE IS 
OF POOR QUALITY 


EARTH - SATURN 2000 . C3L 

^ BALLISTIC TRANSFER TRAJECTORY 

s i 


10 / 09/02 


10/01/ U 



•55410.5 

•55210.5 

1-55010.5 

•54810.5 

•54610.5 

-54410.5 

< 

■54210.5 j 
-54010.5 
-53810.5 
•53610.5 
•53410.5 
-53210.5 
-53010.5 
-52810.5 
•52610.5 
•52410.5 


51705.5 


R R S 

•ifc ^ 

S 6 S 

i 

8 8 8 

LAUNCH DATE 

51730.5 51755.5 51780.5 51805.5 

LAUNCH JD-2400000.0 


ARRIVAL J0-24( 


PRRIVPIL DOTE 


original 

OF POOR 


PAGi- 

quality 


EPRTH - SPTURN 2000 , C3L , ETSP 

BALLISTIC TRfiNSFER TRflJFXTORY 


si S ^ R § 8 

<M ^ ^ ^ ^ 



Snosis 51730.5 " 51755.5 51780.5 51805.5 

LAUNCH JD-2400000.0 


10 . 

ETSP 

b 

2000 


r55410.5 

>55210.5 

-55010.5 

-548P.5 

-54610.5 

-54410.5 


-54210.5 

-54010.5 

-53810.5 


O 

d 

O 


<M 

I 

O 

►j 


h 53610. 5 r 


•53410.5 

•53210.5 

-53010.5 

-52810.5 

-52610.5 

-52410.5 


m 


PRRIVftL [WTE 


ORIGINAL PAGE IS 
OF POOR QUALITY 


11 . 

ETEP 

b 

2000 


EARTH - SATURN 2000 . C3L . ETEP 

* eriLLl E.I iC TRONSFER TRAJECTORY » 



LPUNCH DRTE 


51705.5 


51730.5 51755.5 51760.5 

LRUNCH JO-2400000.0 


51605.5 


•5W10.5 
>55210. S 
■55010.5 
:54810.5 
•54610.5 
■54410.5 
■54210.5 
■54010.5 
•53610.5 
•536U.5 
■53410.5 
■53210.5 
■53010.5 
■52810.5 
■52610.5 
■52410.5 


221 


ARRIVAL JD-2400000.0 



ORIGtNAL PAOK f| 
OF POOR QUALITV 


Earth to Saturn 


2001 


Opportunity 


ENERGY MINIMA 


DEPARTURE ARRIVAL 

VALUE TYPE (YEAR/MONTH/DAY) (YEAR/MONTH/DAY) 


CgL 

111.261 

1 

01/08/08 

05/09/19 

CgL 

128.456 

2 

01/08/06 

07/07/18 

VHP 

5.7077 

1 

01/08/31 

07/02/14 

VHP 

5.6529 

2 

01/08/03 

07/03/21 


229 




PRRIVPL OPTE 


ORIGINAL PAGE IS 
OF POOR QUALITY 


1 . 

C3L 

b 

2001 


ERRTH - SATURN 2001 , C3L 

n BALLISTIC TRANSFER TRAJECTORY 

Hi Hi 


TFL 



LAUNCH DATE 


52085.5 


52110.5 ' 52135.5 ^ 52160.5 52185.5 

LAUNCH JO-2400000.0 


r 55790. 5 
“55590.5 
■55390.5 
•55190.5 
•54990.5 
•54790.5 
■54590.5 
•54390.5 
•54190.5 
•53990.5 
•53790.5 
■53590.5 
•53390.5 
•53190.5 
-52990.5 
■52790.5 


230 


ARRIVAL JO-2400000.0 




ARRIVAL DATE 


original page n 
OF POOR OUAUTV 


11 / 01/29 


10 / 07/13 


ERRTH - SATURN 2001 , C3L , DLR 

» ballistic transfer iRAJECTORY 

lO . . 

S jjj s 

Ol ^ ^ 


2 . 

DLA 

b 

2001 



220 . 


55790.5 

•55590.5 

■55390.5 

-55190.5 

-54990.5 

-54790.5 

O 

1-54590.5 § 


54390.5 

(M 

I 

O 

54190.5"’ 


53990.5 « 

(X 


53790.5 

53590.5 

53390.5 

53190.5 

52990.5 

52790.5 


d 

> 

I 

i 


O O o 

LAUNCH DATE 


52085.5 52110.5 52135.5 52160.5 

LAUNCH JD-2400000.0 


52185.5 


ai 


1 





PRRIVPL DATE 


ORIG!NAL PAQf 
OF POOR QUALITY 


3 . 

m ORIGINAL PAGf 

KLM OF POOR QUALITY 

b 

2001 EfiRTH - SATURN 2001 . C3L , RUfi 

» BPLLISTIC TRANSFER TRAJECTORY 


ti/oa/17 


S 

CM -- 


U/01/29 


10/<T/I3 


09/12/25 


09/06/0S 


06/11/20 


06/05/04 


07/10/17 


07/03/3! 


oofWTTS 


06/02/24 




’ /j^AWAmmmwA 

ir I j 


05/06/06 


05/01/20 


04/07/04 


03/12/17 


03/05/31 


52065.5 


I y I ^ Tw 


S IQ 3 2 8 s 

^ ^ ^ ^ ^ ^ 

8 8 8 8 8 S S 

^ ^ ^ 

^ «4 «4 «4 «i« 

o o o o o o o 

LAUNCH DATE 

52110. 5 5213b. o”’ 52160.5 

LAUNCH JD-2400000.0 


8 8 

8 S 


T2-ar TbAiadf 


ORRIVfiL DATE 







5 . 

VHP 

b 

2001 


ORIGINAL RAQI It 
OE POOR QUALITY 


EPRTH - SRTURN 2001 , C3L 

* BALLISTIC TRANSFER TRAJECTORY 

8 8 



6.25 


220 . 


‘launch date** 


52085.5 52110.5 52135.5 52160.5 

LAUNCH JO-2400000.0 


52185.5 


( 

.1 


234 


r 55790. 5 
■55590.5 
■55390.5 
■55190.5 
■54990.5 
■54790.5 
■54590.5 
■54390.5 
■54190.5 
■53990.5 
■53790.5 
■53590.5 
•53390.5 
■53190.5 
■52990.5 
■52790.5 


ARRIVAL JD-2400000.0 




RPRIVftL DftTE 


ORIQfNAL' 

Of POOR Quality 


EfiRTH - SATURN 2001 , C3L , DflP 


11/06/ 17 
11/01/29 
10/07/13 
09/12/2S 
09/06/06 
06/11/20 
06/05/04 
07/10/17 
07/03/31 
06/09/12 
06/02/24 
05/08/06 
05/01/20 
04/07/04 
03/12/17 
03/05/31 



220 . 


H 8 

s & 

o o 


52085.5 


2 R 3 2 5 

£ B 8 S 8 

o S o o o 

LAUNCH DffTE 

52110.5 52135.5 

LAUNCH JO-2400000.0 



52160.5 



52185.5 


6 . 




h 

2001 


P55790.5 

■55590.5 

■55390.5 

-55190.5 


■54990.5 

■54700.5 


■54590.5 

■54390.5 

■54190.5 


q 

d 


(M 

I 

o 


d 

■53990.5- 

a 

•53790.5 

■53590.5 

■53390.5 


■53190.5 

■52W.5 

■52790.5 


PRRIVRL DOTE 



RRRIVPL JD-240CXX)0.0 


fiRRIVftL DATE 


ORIGINAL PAGE IS 
OF POOR QUALITY 


EPRTH - SPTURN 2001 , C3L , ZPPS 

» BALLISTIC TRANSFER TRAJECTORY 


ZAPS 

b 

2001 



ooooooooooo 


LAUNCH DATE 

52085.5 52110.5 52135.5 52160.5 52185.5 

LAUNCH JD-2400000.0 


[■55790. 5 
•55590.5 
-55390.5 
-55190.5 
-54990.5 


54790.5 


-54590.5 

-54390.5 

■54190.5 

•53990.5 


O 

O 

0 
O 
O 

<M 

1 

O 


a 

> 

a 

a 

a 


-53790.5 

•53590.5 

■53390.5 

-53190.5 


K52990.5 


>-52790.5 


2S7 


9 . 



b 

2001 EARTH - SATURN 2001 , C3L . ZAPE 

* BALLISTIC TRANSFER TRRJECTORY 



LAUNCH DATE 

52085^5 52110.5 52135.5 52160.5 52185 . 5 

LAUNCH J0-24000C0.0 


r 55790. 5 
-55590.5 
-55390.5 
-55190.5 
-54990.5 
-54790.5 
-54590.5 
-54390.5 
-54190.5 
-53990.5 
-53790.5 
-53590.5 
-53390.5 
-53190.5 
-52990.5 
1-52790.5 


m 


ARRIVAL JD-2400000.0 


PRRIVPL DATE 


** Tor qual/ty 


ERRTH - S>RTURN 2001 , C3L 

* BOIlISTIC TRONSFEP^ trajectory o 

ii §§ ii 


ETSP 


•55790.5 


■55590.5 


•55390.5 


•55190.5 


•54990.5 


tzr®#TT^5ai 

nmmK.rjStwr/\ 


mmi 




j /I /I / (fliiiit 

s. LI 'Ki f'. 

S’’Z®lfo 




S 8 

i i 


8 8 8 8 8 


o o o 
LAUNCH DATE 


S2065.S 52110. S 52135.5 

LAUNCH JD-2400000.0 


52160.5 


•54790.5 


iSO. h94590.5( 


•54390.5 J4 

I 

o 

•54190.5^ 


1-53990.5 i 


■53790.5 


•53590.5 


•53390.5 


•53190.5 


•52990.5 


•52790.5 


52165.5 


1 




original page is 

OE POOR QJALITY 


EPRTH - SATURN 2001 . C3L 



o o o 

LRUNCH DATE 


•95790.5 

•55990.9 

•59390.9 

•99190.9 

•54990.5 

•94790.9 

« 

•94990.5 

•94390.9 ‘ 

•94190.9 

•5J990.5 

•93790.9 

•93590.9 

•93390.9 

•93190.9 

•92990.5 

•52790.9 


52065.9 


52110.5 52135.5 521^.5 

LAUNCH JO-2400000.0 


52165.5 


ARRIVAL JD-24( 



ORIGINAL PAGE IS 
OP POOR QUALITY 


Earth to Saturn 


2002 


Opportunity 


ENERGY MINIMA 


DEPAirrURE ARRIVAL 

VALUE TYPE (YEAR/MONTH/DAY) (YEAR/MONTH/DAY) 


C3L 

115.727 

1 

02/08/23 

06/07/02 

C3L 

116.339 

2 

02/12/20 

19/07/27 

VHP 

5.6688 

1 

02/09/18 

08/03/23 

VHP 

5.6177 

2 

1 

02/08/15 

08/04/15 























RRRIVPL DRTE 


ORIGINAL PAGE IS 
OF POOR QUALITY 


1 . 

C3L 

b 

2002 


EARTH - SATURN 2002 , C3L , TFL 

» BfiLLISTIC TRANSFER TRAJECTORY 



200 . 


52465.5 


524W.5 52515.5 52540.5 

LAUNCH JD-2400000.0 


52565.5 


I 


1 - 56170.5 

- 55970.5 

- 55770.5 

■ 55570.5 

- 55370.5 

■ 55170.5 

■ 54970.5 

■ 54770.5 

■ 54570.5 

■ 54370.5 

- 54170.5 

• 53970.5 

- 53770.5 

- 53570.5 

- 53370.5 

- 53170.5 


242 


ARRIVAL JD-2400000.0 





ARRIVAL DATE 


ar^Ua^ PAGii IS 
POOR OUAtiTv 


EARTH - SATURN 2002 . C3L . DLR 


12 / 06/31 

12 / 02/13 

11 / 07/26 

11 / 01/09 

10 / 06/23 

09 / 12/06 

09 / 06/19 

06 / 10/31 

06 / 04/14 

07 / 09/27 

07 / 03/11 

06 / 06/23 

06 / 02/04 

06 / 07/19 

04 / 12/31 

04 / 06/14 



S$8ji{SSg;8SS8S 

&&6S88S88SS 

888^8888888 

LPUNCH DRTE 

5246sT5 5249oTs 52515.5 52540.5 " 52565 . 5 

LRUNCH JD-2400000.0 


2 . 




b 

2002 


r56l70.5 

•55970.5 

•55770.5 

•55570.5 

•55370.5 

•55170.5 

•54970.5 

•54770.5 

•54570.5 

•54370.5 

•54170.5 

•53970.5 

•53770.5 

•53570.5 

•53370.5 

•53170.5 


ARRIVAL JO-2400000.0 



PRRIVflL DATE 


3 . 

RLA 

b 

2002 


ORIGINAL PAGE IS 
OF QUALITY 


EARTH - SATURN 2002 , C3L 

BALLISTIC TRANSFER TRAJECTORY 



200 . 


ID s 

^ ^ ^ 

S 8 S 

8 8 8 

LAUNCH DATE 


5245^5 52490.5 52515.5 52540.5 

LAUNCH JD-2400000.0 


52565.5 


r 56170.5 
'55970.5 
'55770.5 
'55570.5 
'55370.5 
'55170.5 
■54970.5 
■54770.5 
'54570.5 
'54370.5 
'54170.5 
■53970.5 
■53770.5 
'53570.5 
■53370.5 
■53170.5 




244 


ARRIVAL JO-2400000.0 


oprivrl d«te 




ORIGINAL PAGI: iS 
OF POOR QUALITY 


EARTH - SRTURN 2002 , C3L . ZfiLS 

» BALLISTIC TRANSFER TRAJECTORY 



4 . 

ZALS I 

b 

2002 


r 


-56170.5 

■55970.5 

-55770.5 

■55570.5 

55370.5 

55170.5 

O 

54970.5 § 


54770.5;* 

i 

O 

54570.5 


54370.5- 
(X 


54170.5 

53970.5 

53770.5 

53570.5 

53370.5 

53170.5 



flRRIVfiL DATE 


ORIGINAL PAGE IS 
OE POOR QUALITY 


5 . 

VHP 

b 

2002 


EARTH - SATURN 2002 , C3L 

ballistic transfer trajectory 

s si 



200 . 


— R 8 

^ 

8 8 8 

8 8 8 

LAUNCH DATE 


52465.5 52490.5 52515.5 52540.5 

LAUNCH JD-2400000.0 


52565.5 


1 - 56170.5 

■ 55970.5 

- 55770.5 

- 55570.5 

- 55370.5 

- 55170.5 

- 54970.5 

- 54770.5 

• 54570.5 

- 54370.5 

- 54170.5 

• 53970.5 

• 53770.5 

• 53570.5 

• 53370.5 

- 53170.5 


m 


•ARRIVAL JD-2400000.0 


ARRIVAL DATE 


ORIGINAL PAGE IS 
OF POOR QUALITY 

EARTH - SATURN 2002 , C3L . DPP 


BALLISTIC TRANSFER TRAJECTORY 

8 8 


S 8 


12 / 08/31 


12 / 02/13 


11 / 07/28 



LAUNCH DATE 


e. 

DAP 

b 

2002 


200 . 


36170.5 

35070.5 
55770.3 

35570.5 

55370.5 

55170.5 

54970.5 

54770.5 

54570.5 

54370.5 

54170.5 

53970.5 

53770.5 

11570.5 
533 '? 0.5 

53170.5 


52465.5 


52490.5 52515.5 52540.5 52565.5 

LAUNCH JO-2400000.0 


ARRIVAL JO-2400000.0 



ORIGINAL PAGI: IS 
OF POOR QUALITY 


ERRTH - SRTURN 2002 , C3L . RPP 

* BOLL I -.TIC TftONSFER TRAJECTORY 

i 2 i 2 2 

ry — — — 



7 . 

RAP 

b 

2002 


524575 ^52490.5 52515,5 52540.5 52565 . 5 

LAUNCH JO-2400000.0 


r56l70.5 

SS970.5 

■55770.5 

-55570.5 

•55370,5 

-55170.5 

-54970.5 

•54770.5 

•54570.5 

•54370.5 

•54170.5 

•53970.5 

•53770.5 

•53570.5 

•53370.5 

■53170.5 


24 « 


ARRIVAL JO-2400000.0 



ARRIVPL DPTC 


original page is 

OF POOR QUALITY 


EPRTH - SRTURN 2002 . C3L ZftPS 

» BfiLLlSTlC TRANSFER TRAJECTORY 



52465.5 52490 5 52515.5 52540.5 52565.5 

LPUNCH JD-2400000.0 


8 . 

ZAPS 


b 

2002 


r56170.5 

■55970.5 

■55770.5 

■55570.5 

•55370.5 

•55170.5 


54970.5 


h54770.5 


H54570.5 


(M 

I 

O 


h 54370. 5 


a! 


> 

a 


$ 


■54170.5 

•53970.5 

•53770.5 


53570.5 


•53370.5 

63170.5 


PRRIVAL DPTC 



52465.5 


52490.5 52515.5 52540.5 

LRUNCH JD-2400000.0 


52565.5 


.PRRIVRL JD-2400000.0 


PRRIVnL OPTE 


ORIGINAL FAGb' fS 
OE POOR QUALITY 




10 . 


12/06/31 
12/02/13 
11/07/26 
11/01/09 
10/06/23 
09/ 12/OS 
09/05/ 19 


06/04/14 

07/09/27 

07/03/11 

06/06/23 

06/02/04 

05/07/19 

04/12/31 

04/06/14 


EPRTH - SATURN 2002 , C3L , ETSP 

» BALLISTIC TRANSFER TRAJfcCTORY «> 

i i 8 28 8 s 3 

r\J •• — ^ ^ 



S 8 R 

^ 

S & & 

8 i i 

524 SI 5 52490 


S 2 HI 8 

8 8 8 8 

8 8 8 8 

LRUNCH DOTE 


5 52515.5 

LRUNCH JO-2400000. 


2 8 8 2 

^ 

o o 

O 

8 8 8 8 

52540.5 52565.5 




b 

2002 


r56l70.5 

•55970.5 

-55770.5 

•55570.5 

•55370.5 

•55170.5 

-54970.5 

-54770.5 

-54570.5 

•54370.5 

•54170.5 

-53970.5 

-53770.5 

•53570.5 

-53J70.5 

-53170.5 


m 


RRRIVPL JD-2400000.0 


PRRIVPL OPTE 


11 


ORIGINAL PAGt- 13 
OF. POOR QUALITY 



b 

2002 


EARTH - SATURN 2002 , C3L , ETEP 


12/0d/3i 
12/02/13 
11/07/26 
11/01/09 
10/06/23 
09/ 12/OS 
09/03/19 


06/04/14 

07/09/27 

07/03/11 

06/06/23 

06/02/04 

OS/07/19 

04/12/31 

04/06/14 



iiGiiiisi 

LRUNCH DATE 

52465^5 524W.5 52515.5 52540.5 

LAUNCH JD-2400000.0 


8 2 

o o 

W* 

8 8 

52565.5 


r56l70.5 

■55970.5 

■55770.5 

■55570.5 

■55370.5 

■55170.5 

■54970.5 

■54770.5 

■54570.5 

■54370.5 

■54170.5 

■53970.5 

■53770.5 

■53570.5 

■53370.5 

■53170.5 


252 


ARRIVAL JO-2400000.0 




Earth to Saturn 




Opportunity 


ENERGY MINIMA 


DEPARTURE ARRIVAL 

VALUE TYPE (YEAR/MONTH/DAY) (YEAR/MONTR/DAY) 


C 3 L 

120.343 

1 

03/09/08 

07/05/21 

C 3 L 

115.368 

2 

03/12/21 

19/07/28 

VHP 

5.6131 

1 

03/10/04 

09/05/10 

VHP 

5.5695 


03/08/28 

09/06/01 





















fiRRIVftL DATE 


aaaaBia ggg*' 



RRRIVfiL JO-2400000.0 



ARRIVAL DATE 


A. 


original page K'i 

OF POOR QUALPiY 


EARTH - SATURN 2003 . C3L , DLfi 

» BALLISTIC transfer TRAJECTORY 

i ' 


13 / 09/19 
13102121 
12 / 00/ 11 
12 / 01/24 


06 / 01/19 

09 / 06/29 


220 . 



2 . 

DlA 

h 

2003 


56550.5 

56350.5 

56150.5 

55950.5 

55750.5 

55550.5 
|>55350.5l 


1*55150.5 ;9 

I 

O 

54950.5"’ 

54750.5^ 


•54550.5 

-54350.5 

•54150,5 

53950.5 
1-53750.5 

53550.5 


5264V5 52670.5 526W.5 ^ 52920^5 52945.5 

LAUNCH JO-2400000.0 



ARRIVAL JO-2400000.0 


fiRRIVftL DRTE 


ORIGINAL PAGL* 5 j 
OF POOR QUALITY 


EARTH - SATURN 2003 , C3L 

* BPLLISTIC TRANSFER TRAJECTORY 


, ZRLS 


4 . 

ZALS 

h 

zoos 



r 56550.5 
■56350.5 

56150.5 

55950.5 
H55750.5 

55550.5 

O 

1-55350.5 § 


1-55150.5 5 

I 

o 

54950 . 5 '^ 

-I 

a 

54750.5- 

QC 

a 

<L 

54550.5 


54350.5 

54150.5 

53950.5 

53750.5 

53550.5 


S7 


1 


5 . 

VHP 

h 

2003 




QVi^UT.- 

EftRTH - SATURN 2003 , C3L , VHP 

n DHLLlbllL IKHIMDI-C-H i Ki-ioLk^ « ^^*KY 

i i 


o 

<M 

<M 


o o 

•o •* 



r 56550. 5 

-56350.5 

-56150.5 

-55950.5 

-55750.5 

-55550.5 

■55350.5 

•55150.5 

•54950.5 

-54750.5 

-54550.5 

•54350.5 

-54150.5 

-53950.5 

-53750.5 

-53550.5 


2M 


PRRIVPiL JD-2400000.0 



PPRIVRL OflTE 


WlGfl\*AL PAGE !$ 
POOR QUALITY 


ERRTH - SPTURN 2003 . C3L , DPP 

* POLL I STIC TRANSrtR TRhJECTOkV 



6 . 

DAP 

b 

2003 


56550.5 

56350.5 

36150.5 
35950.3 

55730.5 

53550.5 

0 

55330.5 S 

55150.5 5 

1 

O 

54930.5^ 

g! 

54730.5 I 
h54550.5 

54350.5 
>54130.3 
>53950.5 
>53750.5 

53550.5 


PRRIVPL ORTC 


ORIGINAL PACA ft 
Of POOR QUALITY 


7 . 

RAP 

b 

2003 


EARTH - SATURN 2003 . C3L 

» BALLISTIC TRANSFER TRAJECTORY 

2 S 


rvj 


RAP 

2 2 



LRUNCH DATE 


56550.5 
'56350.5 
'56150.5 

55950.5 
|'55750.5 

55550.5 

55350.5 

55150.5 

54950.5 
K54750.5 

54550.5 

54350.5 
'54150.5 
'53950.5 

53750.5 

53550.5 


52845.5 


52870.5 52895.5 52920,5 

LAUNCH JO-2400000.0 


52945.5 


i 


ARRIVAL JD-2400000.0 




fiRRlVflL OPITE 


OmG(l\ML PAGE (3 
OE POOR QUALITV 


EPRTH - SRTURN 2003 , C3L , ZPPS 

* BALLISTIC TRANSFER TRAJECTORY 



8 . 


ZAPS 


h 

2003 


'56550.5 

■56350.5 


-56150.5 

■55950.5 

■55750.5 

■55550.5 


■55y30.5 

•55150.5 


K54950.5 


O 

d 


0 

<M 

1 

O 


k54750.5 




> 

•-M 

a 




■54550.5 

■54350.5 


-54150.5 

■53950.5 

■53750.5 

■53550.5 


Ml 


PRRIVftL DOTE 


ORIGINAL RAGi 
OF POOR QUALITY 


9 . 

ZAPE 

b 


EARTH - SPTURN 2003 , C3L , ZftPE 

^ BftLLlSTIC TRPNSFER TRRJECTORY 



r56550.5 

■56350.5 

■56150.5 

■55950.5 

■55750.5 

■55550.5 

■55350.5 

■55150.5 

-54950.5 

■54750.5 

■54550.5 

■54350.5 

■54150.5 

■53950.5 

■53750.5 

■53550.5 


262 


ARRIVAL JD-2400000.0 


ARRIVAL DATE 




3ibO TbAUttW 


11 . 




b 

2003 


EARTH - SATURN 2003 , C3L 

» BALLISTIC TRANSFER TRAJECTORY 

13 8 S 


ETEP 



m. 


-S6SS0.5 

•S6390.5 

S61S0.9 

■S9950.S 

•55790.5 

■99590.5 

i 

•55350.5 

•95190.9' 

•54090.5 

tS4790.9 

•54590.5 

•94390.9 

•54150.5 

-53990.5 

-93790.5 

•53990.5 


8 S S 

^ ^ 

S 8 8 

^ 

3 3 3 

LAUNCH DATE 


52845.5 52870.5 52895.5 52920.5 

LAUNCH JD-2400000.0 


52945.5 


m 


ARRIVAL J0-24( 





ORIGJNAL i ^; 

OE POOR QUALITY 


Earth to Saturn 




Opportunity 


ENERGY MINIMA 


DEPARTURE ARRIVAL 

VALUE TYPE (YEAR/MONTH/DAY) (YEAR/MONTH/DAY) 


C 3 L 

124.700 

1 

04/09/22 

08/05/05 

C 3 L 

114.340 

2 

04/12/21 

19/07/29 

VHP 

5.5458 

1 

04/10/18 

10/07/02 

VHP 

1 

5.5153 

2 

04/09/09 

10/07/25 




PRRIVAL ORTf: 


ORIGINAL PAGE IS 
Of POOR QUALITY 


1 . 

C3L 

b 

2004 


EARTH - SATURN 2004 , C3L , TFL 

» BALLISTIC TRANSFER TRAJECTORY 



■56930.5 

■56730.5 

■56530.5 

■56330.5 

■56130.5 

■55930.5 

. ( 

■55730.5 

■55530.5' 

■55330.5 

-55130.5 

■54930.5 

•54730.5 

•54530.5 

-54330.5 

•54i30.5 

•53930.5 


LAUNCH DATE 


53225.5 53250.5 53275.5 53300.5 

LAUNCH JD-2400000.0 


53325.5 


266 


ARRIVAL J0-24( 


PRRIVRL OOTE 


WIGINAl. PAGE M 
Of POOR OUALITY 


EfiRTH - 


SRTURN 2004 , C3L , DUfi 

BALL I sue TRANSFER TRAJECTORY 

3 8 ? 8 S? 8 


U/09/30 


DLA 

h 

2004 


'56930.5 


U/03/ 14 


13/08/26 


13/02/07 


l2Knt22 


12/01/04 


11/06/18 


WiWAWAfMVAWAWmyMX 


wmA\ 
mmm 

i^^VAWAWMwm^m 

WM 

WMWMfMWAWAm 


m 


mrmmk 


10/11/30 


10/05/14 


09/10/26 


09/04/09 


Oa/09/21 


Oa/03/05 


07/06/18 


07/01/30 


06/07/14 


a gnwMnraBgiB^ MMMiBii BiiM wyaKaMM i 

WWMMKS'Iw^umKmKmmmmmam 

nsisr 


wm itg/mmm 
mMMmiKKfjsm 

wmammKmnsaA 
miBKmmnMaKmr 


WAXai'imA 

~'3KSMjmnmwjammm^!KSBSA 

wmsmum arnKma amm 

msmmmm 


56730.5 


'56530.5 


'56330.5 


'56130.5 


220. h55930.5 


'55730.5 i 


'55530.5 

I 

O 

'55330.5 


'55l30t5r 


'54930.5 


\wmKfm^ 

lEittHr 

!■■■■ 

las 


i»n! 
mmMmm 
mAmvAmx 


53225.5 


5 5 K B - K 

8 S 8 I S S S 

^ ^ ^ 

3 3 3 3 3 3 3 

LAUNCH DATE 

53250.5 53275.5 53300.5 

LAUNCH JO-2400000.0 


3 3 


53325.5 


'54730.5 


‘54530.5 


54330.5 


‘54130.5 


'53930.5 


1 ^ 


3. 

RLA 

b 

2004 


ORIGINAL PAGE f*? 
OF POOR QUALITY 


EPRTH - SPTURN 2004 , C3L , RLR 

» BALLISTIC TRANSFER TRAJECTORY 



220 . 

89. 


53225.5 53250.5 53275.5 53300.5 

LAUNCH JD-2400000.0 


53325.5 


an 


I 


r96930.5 

'56730.9 

'96530.5 

'56330.5 

'56130.5 

'95930.5 

'95730.5 

'95530.9 

-95330.5 

'55130.9 

'54930.5 

'54730.5 

'54530.5 

'94330.9 

'94130.9 

'93930.5 


ARRIVAL JO-2400000.0 




PRRIVM. OOTC 


ORIGINAL PAGE IS 
OF POOR QUALITY 


EPRTH - SPTURN 2004 . C3L 

BALLISTIC TPANSFER TRAJECTORY 

Q P 



220 . 


4 . 

ZALS 

b 

2004 


r 56930 5 
•56730.5 
•56530.5 

56330.5 
K56130.5 

55930.5 

i 

1-55730.51 


h 55530. 5 J* 

, O 

1-55330.5'^ 

h 55130. 5 2 

i 

h 54930. 5 


•54730.5 

•54530.5 

•54330.5 

•54130.5 

•53930.5 


53225.5 53250.5 53275.5 53300.3 

LPUNCH JO-2400000.0 


53325.5 


ARRIVAL DATE 


CI7 


5 . 

VHP 

b 

2004 


ORIGINAL PAGE tS 
OF POOR QUALITY 


EARTH - SATURN 2004 . C3L 

BfILLISnc transfer trajectory 

<3 O 


220 . 



rS6930.5 

56730.5 
1*56530.5 

56330.5 

56130.5 
1-55930.5 

55730.5 
K55530.5 

55330.5 

55130.5 
-54930.5 
-54730.5 

54530.5 
-54330.5 
-54130.5 

53930.5 


LAUNCH DATE 


53225.5 53250.5 53275.5 53300.5 

LAUNCH JO-2400000.0 


53325.5 


.ft*' 


270 


.ARRIVAL JD-2400000.0 



RRRIVPL ORTE 


CZ- 


% 

I 


ORIGINAL PAGE IS 
OF POOR QUALITY 


EPRTH - SRTURN 2004 . C3L , DRP 

* BALLISTIC TRANSFER TRAJECTORY 

i ?! ^ ti 


6. 

DAP 

h 

2004 



56930. 5 
-56730. f 
-56530.5 
-56330.5 

56130.5 
h55930.5 

55730.5 


O 

d 


55530.5 

I 

, O 

1-55330.5^ 

d 

55130.5? 

a 

a 

<L 

1-54930.5 


-54730.5 
-54530.5 
-54330. 
-1)4 130. 5 
53930.5 


53225.5 


53250.5 53275.5 53300.5 

LRUNCH JO-2400000.0 


53325.5 


271 



flRaiVfiL JD- 2400000.0 


ARRIVAL DATE 


OfilGfNAL 
OF POOR 


page ts 
quality 


EPRTH - SPTURN 2004 . C3L , ZPPS 

» BALLISTIC TRANSFER TRAJECTORY 


fi 3 3 3 3 3 



53225.5 53250.5 53275.5 53300.5 5.-^?25.5 

LAUNCH JD-2400000.0 


8 . 



b 

2004 


r56930.5 

•56730.5 

•56530.5 

•56330.5 

56130.5 

55930.5 

I 

1-55730.51 


1-55530.5 

, O 

f- 55330. 5"^ 

h55130.5r 
oc 


•54930.5 

-54730.5 

54530.5 

h54330.5 


•54130.5 

•53930.5 


m 


PRRIV«L DRTE 


ORIGINAL PAGE 18 
OF POOR QUALITY 


ERRTH - SPTURN 2004 , C3L , ZRPE 


BALLISTIC TRANSFER TRAJECTORY 

53 8 S S 8 8 

rg — ^ — 



r56930.5 
'56730.5 
'56530.5 
'56330.5 
'56130.5 
'55930.5 
'55730.5 
'55530.5 
'55330.5 
'55130.5 
'54930.5 ‘ 
'54730.5 
'54530.5 
'54330.5 
'54130.5 
■53930.5 


I 

! 


i 


53225.5 


53250.5 53275.5 53300.5 

LAUNCH JD-2400000.0 


53325.5 


ARRIVAL JO-2400000.0 


PRRIVAL ORTE 


P4ee m 
* ^ WAinv 


EfiRTH - SATURN 2004 , C3L , ETSP 

» eciLLiSTic transfer trajectory 

I ii kin 


10 . 

ETSP 

b 

2004 



53225.5 


I I 

3 i i 

Lr -NCH DATE 

53250.5"^ ^ J75.5 "~53300.5 

LfiUNCK ,0-2400000.0 


53325.5 


m 




PRRIVRL DATE 


11 


ORIGINAL PAGE 18 
OF POOR QUALITY 



b 

2004 


ERRTH - SATURN 2004 , C3L , ETEP 


* BHLLiSTiC TRANSFER TRAJECTORY 

i i ° ^ s 

<M ^ ^ mm ^ mm ^ ^ 

U/09/30 
U/03M4 
13/06/26 
13/02/07 
X2IQ1I2Z 
12/01/04 
11/06/ 16 
10/11/30 
10/06/U 
09/10/26 
09/04/09 
06/09/21 
06/03/06 
07/06/ 16 
07/01/30 
06/07/14 





ooooo***^*^ 

333333333 

LRUNCH DOTE 

5322V5 ^53250.3 53275.5 53v'>00.5 

LAUNCH JO-2400000.0 


8 2 

mm mm 

mm mm 

3 3 


53325.5 


rS6930.S 

•56730.5 

-56530.5 

-56330.5 

-56130.5 

-55930.5 

-55730.5 

-55530.5 

-55330.5 

•55130.5 

-54930.5 

-54730.5 

-54530.5 

-54330.5 

-54130.5 

-53930.5 


27B 


ARRIVAL JD-2400000.0 



P/,QE ,3 

W POOR qualitv 


Earth to Saturn 


2005 


Opportunity 


ENERGY MINIMA 


DEPARTURE ARRIVAL 

VALUE TYPE (YEAR/MONTH/DAY) (YEAR/MONTH/DAY) 


C 3 L 

128.377 

1 

05/10/07 

09/05/11 

C 3 L 

113.253 

2 

05/12/23 

19/08/09 

VHP 

5.4730 

1 

05/11/02 

11/08/30 

VHP 

5.4586 

2 

05/09/22 

11/09/19 


m 






















ARRIVftL DPTE 




1 . 

C3L 

b 

2005 


13 / 10/25 


15 / 04/00 


ORIGINAL PAGE 18 
OF POOR QUALITY 


CRRTH - SRTURN 2005 , C3L , TFL 

n BALLISTIC TRANSFER TRAJECTORY 

N i iis i s si 

m 



lao. 


220 . 


53600.5 53625.5 53650.5 53675.5 

LAUNCH JD-240000'^.0 


53700.5 


rt7?2C.5 

■57'.20.5 

'56920.5 

'56720.5 

-56520.5 

'56320.5 

'56120.5 

'55920.5 

■55720.5 

■55520.5 

'55320.5 

'55120.5 

'54920.5 

■54720.5 

'54520.5 

'54320.5 


m 


ARRIVAL JD-2400000.0 


ARRIVAL DATE 


ORIGINAL PAGE IS 
OF POOR QUALITY 


EPRTH - SPTURN 2005 , C3L 

» BALLISTIC TRANSFER TRAJECTORY 


DLP 


% »3 


13/10/29 



2 . 

DLA 

}> 

2005 


57320.5 

57120.5 

56920.5 

56720.5 

56520.5 

56320.5 

( 

I-56120.5: 


55920.5 J* 
I 

O 

55720.5 

d 

55520.5? 


55320.5 

55120.5 

54920.5 
h54720.5 

54520.5 
>•54320.5 


53600.5 


53625.5 536M.5 53675.5 

LAUNCH JD-2400000.0 


53700.5 


27t 


3 . 

RLA 

b 

2005 


ORIGINAL page « 
OF POOR QUALITY 


ERRTH - SRTURN 2005 , C3L , RLA 

BALLISTIC TRANSFER TRA'-'CTORY 

i i ^ i 



06/09/n 


06 / 02/24 


07 / 06/06 


160 . 


2P0. 


s ^ ^ ^ ^ t 

^ ^ ^ ^ ^ 

S 8 8 S S S S 

^ 

8 8 8 8 8 8 8 


8 


LAUNCH DATE 

53600^5 53625.5 53650.5 53675.5 53700.5 

LAUNCH JD-2400000.0 


' 57320.5 

■ 57120.5 

■ 56920.5 

■ 56720.5 

■ 56520.5 

■ 56320.5 

' 56120.5 

' 55920.5 

■ 55720.5 

■ 55520.5 

■ 55320.5 

■ 55120.5 

■ 54920.5 

■ 54720.5 

- 54520.5 

' 54320.5 


ARRIVAL JO-2400000.0 




ftRRIV«L CWTE 




PRRIVPL DPTE 


s. 

VHP 

b 

2005 


ORIGINAL PAGE IS 
OF POOR jUAUTY 

EARTH - SATURN 2005 . C3L 


13 / 10/23 


13 / 04/08 


leo. 



•57320.5 

•57120.5 

•56920.5 

•53720.5 

•56520.5 

•56320.5 

( 

•56120.5 

•55920.5' 

■55720.5 
■55520.5 
■55320.5 
I- 55120. 5 
•54920.5 
•54720.5 
•54520.5 
•54320.5 


53600.3 53625.5 53650.5 53675.5 

LRUNCH JO-2400000.0 


3700.5 


RRRIVRL JD-24( 



RRRIVRL ORTE 


ORIGINAL PAGE » 
OF POOR QUALITY 


ERRTH - SATURN 2005 . C3L , DPP 

H BALLISTIC TRfiNSFER TRAJECTORY 

2 § S a 


6 . 

DAP 

b 

2006 



8 6 8 S 

LAUNCH LATE 


53600.5 


53625.5 53650.5 53675.5 53700.5 

LAUNCH JD-2400000.0 


ARRIVAL JD-2400000.0 



ARRIVAL DATE 



ARRIVAL DATE 


A. 


ORIGINAL PAGE IS 
OF POOR QUALITY 


ERRTH - SRTURN 2005 . C3L . ZAPS 

» BALLISTIC TRANSFER TRAJECTORY 

i i i ^ i a 



b 

2005 


r57320.5 

•57120.5 

56920.5 

•56720.5 

•56520.5 

•56320.5 

( 

•56120.51 


55920.5 

I 

, o 

h55720.5*^ 

i 

1-55520.5 r 


1-55320.5 

•55120.5 

54920.5 

54720.5 
1-54520.5 

54320.5 


53600^5 53625^5 53650. S 53675.5 

LAUNCH JD-2400000.0 


53700.5 


1 


ORRIVRL DOTE 


“E 


ORK^NAL PAQt I9 
OF POOR QUAUTY 


EARTH - SATURN 2005 , C3L , ZAPE 


» BOLL I STIC TRANSFER TRAJECTORY 



LAUNCH DATE 


536O0I5 53625.5 53650.5 53675.5 53700 . 5 

LAUNCH JO-2400000.0 


r57320.5 

■57120.5 

•56920.5 

■56720.5 

■56520.5 

■56320.5 

■56120.5 

■55920.5 

■55720.5 

■55520.5 

■55320.5 

■55120.5 

■5492S.5 

■54720.5 

■54520.5 

■54320.5 


ARRIVAL JD-2400000.0 




ARRIVAL DATE 


» 122J PA® IS 
QUAiiry 


EPRTH - SRTURN 2005 , C3L 

BALLISTIC TRANSFER TRAJECTORY 


19/ to/29 



10 . 

ETSP 

b 

2005 


oT/oe/os 


57320.5 
>57120.5 
-56020.5 
-56720.5 
-56520.5 
-56320.5 

< 

56120.5 { 


(-55920.5^ 

55720.5*’ 

i 

55520.5 » 


55320.5 

55120.5 

54920.5 

54720.5 

54520.5 

54320.5 


LAUNCH DATE 


S3600.S 


S362S.S 536S0.5 53675.5 

LAUNCH JO-2400000.0 


53700.5 




RRRIVPL DATE 


11 


ORIGINAL PAGE 13 
OF POOR QUALITY 


h 

2005 


EARTH - SATURN 2005 , C3L 

** eOLLISnC TRftNSFER TkIJECTORY 


. ETEP 

i 



'STaao.s 

hSTtao.o 

'96020.9 

•96720.9 

•96920.9 

•96320.9 

( 

•96120.9 

•99920.9' 

•99720 9 

•99920.9 

•99320.9 

•99120.9 

•94920.9 

•94720.9 

•94920.9 

•94320.9 


53600.5 53625.5 53650.5 53675.5 

LAUNCH JO-2400000.0 


53700.5 


ARRIVAL JO-2^ 




7 . 

RAP 

b 

2002 


ORIGINAL PAGE IS 
OF POOR QUALiry 


EPRTH - SPTURN 2002 , C3L , RRP 

* BfiLLISTi-: TP«NSrER trajectory 

it ? I 



200 . 


fi 8 

8 8 I 

8 8 8 

LAUNCH DATE 


52465.5 52490.5 52515.5 52540.5 

LAUNCH JO-2400000.0 


52565.5 


j-56170.5 

'55970.5 

■55770.5 

■55570.5 

■55370.5 

■55170.5 

■54970.5 

■54770.5 

■54570.5 

-54370.5 

■54170.5 

■53970.5 

■53770.5 

■53570.5 

■53370.5 

■53170.5 


24t 


ARRIVAL JD-2400000.0 



9 . 

ZAPE 

b 

2002 


original page b 
OF POOR QUALITY 


EARTH - SATURN 2002 , C3L . ZAPE 


BALLISTIC TRANSFER TRAJECTORY 



r56l70.5 

•55970.5 

■55770.5 

-55570.5 

-55370.5 

-55170.5 

-54970.5 

■54770.5 

-54570.5 

-54370.5 

-54170.5 

■53970.5 

-53770.5 

•53570.5 

•53370.5 

•53170.5 


.ARRIVAL JO-2400000.0 



52645.5 


52670.5 52695.5 52920.5 

LAUNCH JD-2400000.0 


52945.5 


ARRIVAL JD-2400000.0 



fiRRIVflL DfiTE 




WmAL PAGE fi 
OF POOR QUAUTy 


EfiRTH - SRTURN 2003 , C3L 

* BALLISTIC TRANSFER TRAJECTOR^i 





10 . 

ETSP 

h 

2003 



220 . 


•S6550.5 

56390.5 

56150.5 

55950.5 

55750.5 
h 55550. 5 

0 

M350,5 8 

55150.5 § 

1 

O 

54950.5 ^ 




8 

8 


I i 5 

I I ^ 

8 8 5 

LAUNCH DATE 


54750.5- 


54550.5 

54350.5 

54150.5 

53950.5 

53750.5 

53550.5 


5264S.5 


52870.5 52895.5 52920.5 

LPLINCH JD-2400000.0 


52945.5 



